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In  i n t e n s i v e  and s e m i- in te a s ly e  a q u a c u l tu re  p r a c t i c e s  
t h e  a n im a ls  a r e  u n d e r  s t r e s s  c o n d it io n s *  Ttiese s t r e s s  f a c t o r s  
c a n  b e  en v iro n m en ta l«  b i o t i c  and a b io t i c ^  t o x i c  o r  manmade* 
E n v iro n m e n ta l ch an g es le a d in g  to  s t r e s s f u l  s i t u a t i o n  have been  
shown t o  a l t e r  th e  a n im a ls ' r e s p i r a t i o n  and m etab o lism  t o  a  
g r e a t  e x te n t*  In  a d d i t i o n ,  p ro c e d u re s  ad o p ted  in  a q u a c u l tu r e  
te c h n iq u e s  su c h  a s  h a n d l in g  o f  a n im a ls ,  c o n fin e m e n t, t r a n s p o r t  
and  d i s e a s e  t r e a tm e n ts  c a u s e  a  v a r i a b l e  d e g re e  o f  trau m a  in  
them . T hese  f a c t o r s  c a n  a d v e rs e ly  a f f e c t  th e  o v e r a l l  p ro d u c t ­
io n  o f  a n im a ls  in  a  c u l t u r e  system *
Thus s t r e s s  and s t r e s s  r e s p o n s e s  a r e  o f  im m ediate  
econom ic Im p o rtan ce  in  i n t e n s i v e  fa rm in g  sy stem  w here th e  
a n im a ls  a r e  a lw ays s u b je c te d  t o  many c h ro n ic  s t r e s s o r s *  T h ere ­
f o r e ,  an u n d e rs ta n d in g  o f  th e  r e s p o n s e s  o f  such  c u l t i v a b l e  
a n im a ls  t o  a c u te  p h y s i c a l  s t r e s s  i s  a l s o  o f  param oun t Im p ort­
a n ce  t o  f i e l d  b i o l o g i s t s ,  who o f t e n  h a n d le  su ch  a n im a ls  p r i o r  
t o  o r  d u r in g  t h e i r  i n v e s t i g a t io n s *
A cute  form s o f  h a n d lin g  s t r e s s  a lm o st i n v a r i a b ly  
r e s u l t s  i n  m arked p h y s io lo g i c a l  s t r e s s  r e s p o n s e s  and i f  
s e v e r e  enough^can have  l e t h a l  c o n se q u e n c e s . C h ro n ic  s t r e s s o r s  
h av e  b een  found t o  b e  a s s o c ia te d  w i th  red u ced  g ro w th , and
i n c r e a s e d  s u s c e p t i b i l i t y  t o  p a th o g e n s*  In  a d d it io n ^  th e  
p rim ary ' s t r e s s  f a c t o r s  c a n  r e d u c e  th e  a n im a ls  a ib l l i t y  t o  
w i th s t a n a  s  se c o n d a ry  s t r e s s o r s *  Thus i t  i s  i ie c e s s a ry  t o  
c o n s id e r  th e  c t r e s s  a s p e c t s  a s  p rim e im p o rta n ce  i n  any 
c u l t u r e  sy stem  s o  a s  t o  m in im ize  th e  e f f e c t s  and I f  n e c e s s a ry ,  
m o d ify  t h e  p ro o e d iire s  o f  h a n d lin g *
The c u l tu r e d  a n im a ls  a r e  o f t e n  c o n f in e d  and c a p tu re d  
by a  v a r i a t y  o f  n e t s ,  e l e c t r i c a l  d e v ic e s ,  o r e v en  slow  
p o is o n in g ,  ^he v i o l e n t  movement o f  a n im a ls  i n  e s c ^ i n g  from  
su c h  a d v e r s e  s i t u a t i o n  ma^ r e s u l t  I n  m arked m e ta b o l ic  changes*  
The e n e rg y  demand d u r in g  th e  s t r e s s  p e r io d  o f t e n  c a u se s  an 
i n c r e a s e d  m e ta b o l ic  r a t e  t h a t  e x c e e d s  th e  a n im a ls ’ a b i l i t y  
t o  consume o sy g en . At su ch  t im e s  body t i s s u e s  g e n e r a l ly  
r e s o r t  t o  a n a e ro b ic  p r o d u c t io n  o f  e n e rg y , a c c u m u la tin g  
m e ta b o l ic  end  p r o d u c ts  w hich  a re  o f t e n  h ig h ly  a c id ic *  Such 
an a c i d o s i s  co u ld  b e  t h e  cau se  o f  d e a th  and p o s t  s t r e s s  
r e d u c t i o n s  i n  p r o d u c t  q u a l i ty *
Anong th e  c u l t i v a b l e  a q u a t i c  o rgan lsr^pe^^ i^e ld  sh rim p s  
• r e  c a n m e r c ia l ly  v e ry  Im p o r ta n t  as th e y  grow f a s t e r  i n  
c o n f in e d  w a te r  b o d i e ^  a t t a i n  l a r g e r  s i z e  and f e t c h  a  h ig h  
p r i c e .  Anong th e  p e n a e id  p raw n s, P ,  in d ic u s  i s  o f  p a r t i c u l a r  
I n t e r e s t  n o t  o n ly  b e c a u s e  o f  i t s  abundance b u t  a l s o  o f  i t s  
h a r d i n e s s  i n  c u l tu r e *  In  In d ia«  i t  form s th e  m a jo r  c a n d i ­
d a t e  s p e c i e s  u se d  i n  e x te n s iv e  and sesni«>inten8ive c u l t u r e
s y s te m s .  In  r e c e n t  t im e s  th e  t r a d i t i o n a l  praw n c u l t u r e  
p r a c t i c e s  a r e  w id e ly  r ^ l a c e d  b y  sem JU -in ten sive  and 
I n t e n s i v e  c u l t u r e  s y s te m s ,  CWing t o  n a t u r a l  ao3 man made 
m a n ip u la t io n s ,  t h e  a q u a c u l tu r e  sy s te m  i s  o f t e n  ex p o sed  t o  
v a r i a t i o n s  i n  th e  b i o t i c  and  a b i o t i c  f a c t o r s  w h ich  i n t u r n  
a f f e c t  th e  c u l t u r e  o f  s p e c ie s  t o  a  g r e a t e r  e x t e n t .  Q u ite  
f re c ^ u e n tly ,  p raw n fa rm e rs  f a c e  m oss m o r t a l i t y  o f  t h e i r  
s t o ^  m a in ly  d u e  t o  t h e  s t r e s s  o f  a d v e rs e  e n v iro n m e n ta l  
c o n d i t i o n s .  The m o st s ix sp ec ted  c a u se  o f  th e  much t a lk e d  
• s o f t  prawn* d i s e a s e  corm only  e n c o u n te re d  i n  praw n farm s 
may be i h e  t  w id e ly  f l u c t u a t i n g  e n v iro n m e n ta l  c o n d i t i o n s ,  
Ppac^ueness i n  t h e  a b d a n in a l  m u s c u la tu r e  o f  p raw ns o b se rv ed  
d u r in g  h a r v e s t i n g  tim d  i n  m ary o f  t h e  pravm fa rm s may b e  
due t o  s e v e r e  p h y s i c a l  s t r e s s  on t h e  a n im a l d u r in g  c a p tu r e  
and t r a n s p o r t a t i o n .  The o p aq u en ess  u s u a l l y  a p p e a r s  as 
f o c a l  a r e a s  o f  n e c r o s i s .  T h is  c o n d i t i o n  i s  r e v e r s i b l e  in  
i t s  i n i t i a l  s t a g e s ,  b u t  i t  msy b e  l e t h a l  i f  l a r g e  a re a s  
a r e  a f f e c t e d ,  H i s t o p a th o l o g i c a l  and e t i o l o g i c a l  in v es td U  
g a t i o n s  s u g g e s t  t h a t  th e  p o s s i b l e  c a u se  o f  t h i s  c o n d i t io n  
may b e  r e l a t e d  t o  s e v e r e  e x e r t i o n  c a u se d  i n  e f f o r t s  t o  
e s c a p e .
The p r e s e n t  i n v e s t i g a t i o n  on P enaeus in d ic u s  H, M ilne 
E d w ard s , h a s  b e e n  c o n d u c te d  t o  exam ine  th e  e f f e c t  o f  p h y s i c a l  
s t r e s s  on t h e  v a r i o u s  b i o c h e n i c a l  c o n s t i t u e n t s  su c h  as  g lu c o s e ^
al a c t i c  a c id ,  l i p i d  and p r o t e i n  i n  haanolym ph and g ly c o g e n , 
l a c t i c  a c id ,  l i p i d  and p r o t e i n  i n  m u sc le  t i s s u e .  S tu d ie s  
V7ere a l s o  made on h i s t o l o g i c a l  c h an g e s  o c c u r r in g  i n  h e p a to -  
p a n c r e a s  and m u sc le  d u r in g  s t r e s s e d  c o n d i t i o n s ,
I  w ish  t o  e^cp ress  ny d e e p e s t  s e n s e  o f  g r a t i t u d e  t o  
D r. Ja m es , D i r e c t o r  o f  C e n t r a l  M arine  F i s h e r i e s
R e se a rc h  I n s t i t u t e ,  u n d e r  whose s c h o l a r l y  g u id a n c e  t h i s  
work h a s  b e e n  c o m p le te d , I  am g r a t e f u l  t o  l^ r, A ,D , Diwan, 
S c i e n t i s t  S -2 , f e e  h i s  v a lu a b le  a d v ic e  and h e lp *  I t  i s  my 
p l e a s u r e  t o  th a n k  D r , A# L ax m in aray an a  f o r  h i s  h e lp  i n  
p r o c u r in g  th e  sp e c im e n  and Mr, K ,N , Kurup f o r  h i s  h e lp  i n  
s t a t i s t i c a l  a n a l y s i s .  My g r a t i t u d e  i s  a l s o  d u e  t o  
Mr, Nandakuraar f o r  h i s  t im e ly  h e l p ,  I  am d e e p ly  inc|Gfcte4 t o  
my c la s s m a te s  and s e n i o r s ,  e s p e c i a l l y  L a x m lla th a  anJ S a h u l  
Hameed f o r  t h e i r  v a lu a b le  a d v ic e  and h e l p ,  I  e x p r e s s  my 
g r a t i t u d e  t o  t h e  I n d ia n  C o u n c il o f  A g r i c u l t u r a l  i ^ s e a r c h  
f o r  av /a rd in g  me a  J u n i o r  R e se a rc h  F e l lo w s h ip  d u r i n g  th e  
t e n u r e  o f  w hich  t h i s  s tu d y  h a s  b e e n  c a r r i e d  o u t .
DI N T R O D U C T I O N
The c o n c e p t o f  b i o l o g i c a l  s t r e s s  h a s  evd ked  much 
d i s c u s s i o n  and d is a g re e m e n t  i n  t h e  s c i e n t i f i c  c i r c l e  and 
a s  a  r e s u l t ,  t h e r e  a r e  a  v a r i e t y  o f  fo rm a l  r ^ e f in i t l o n s  i n  th e  
s c i e n t i f i c  l i t e r a t u r e .  However, a l l  d e f i n i t i o n s  o f  s t r e s s  
s h a r e  t h e  ccnunon p r a n i s e  o f  a  s t im u lu s  a c t i n g  on  a  b i o l o g i c a l  
sy s te m  and th e  s u b s e q u e n t  r e a c t i o n  o f  th e  sy s tem  (F ic > :e rin g , 
1 9 8 0 ) . P r o f e s s o r  Hans S e ly e  d e f in e d  s t r e s s  a s  a  s t a t e  o f  non­
s p e c i f i c  t e n s i o n  I n  l i v i n g  m a t t e r  (S e ly e ,  1 9 4 6 ) . H is  s t u d i e s  
on m apim allan s y s t a n s  showed t h a t  th e  s t r e s s  o c c u rs  i n  t h r e e  
p h a s e s  su c h  as  a la rm , r e s i s t a n c e ,  and e x h a u s t io n .  The f i r s t  
o c c u r s  im m e d ia te ly  a f t e r  th e  s t im u lu s ,  i n  th e  se c o n d  a  new 
s te a d y  s t a t e  i s  m a in ta in e d  a t  th e  e ^ ^ n s e  o f  m e ta b o l ic  e n e rg y  
and f i n a l l y  e x h a u s t io n  o c c u rs  a s  r e s e r v e s  a r e  u se d  u p ,
B r e t t  (1958) m o d if ie d  th e  d e f i n i t i o n  o f  s t r e s s  as a  
s t a t e  p ro d u c e d  by  e n v i r o r m c n ta l  o r  o th e r  f a c t o r s  w hich 
e x te n d s  th e  a d a p t iv e  r e s p o n s e s  o f  an  an im al beyond  th e  
n o rm a l r a n g e .  I n  t h e  l i g h t  o f  m o llu s c a n  s t u d i e s  Bayne (1975) 
f u r t h e r  m o d if ie d  t h e  d e f i n i t i o n  o f  s t r e s s  and a c c o rd in g  t o  
h im , s t r e s s  i s  d e f in e d  as  a  m e a su ra b le  a l t e r a t i o n  o f  a 
I ^ s i o l o g i c a l  s t e a d y  s t a t e  w h ich  i s  in d u c e d  by  an  e n v iro rw  
m e n ta l  change# and w h ich  r e n d e r s  th e  i n d i v i d u a l  m ore 
v u ln e r a b le  t o  f u r t h e r  e n v i r o n n e n ta l  changes*
i ^ a a c u l t o r e  o f  c a p t iv e  f i s h  an^ s h e l l f i s h  c a n - n o t  b e
u n d e r ta k e n  w ith o u t  th e  u s e  o f  v a r io u s  hani:^ling p ro c e d u re s  i n
th e  f i e H f  h a tc h e r y ,  o r  i n  th e  l a b o r a tc c y *  te c h n iq u e s
ib
a u c h  a s  c a p tu r e  by n e ts «  t r a n s p o r t a t i o n ,  f r e s h w a te r  j ie a M a te r  
t r a n s f e r ^  and v ic e v e r s a #  g ra d in g ,  s o r t i n g ,  o v e rc ro w d in g , 
d i s e a s e  t r e a tm e n t  e t c .  r e s u l t s  i n  s e v e r a l  ty p e s  o f  s t r e s s  
w h ich  In d u c e  s t r u g g l i n g ,  h y p o x ia , te m p e ra tu re ,  and o sm o tic  
shock  e tc #  (Mazeaud 1977)* S t r e s s  c a n  a l s o  r e s u l t  a s  a  
c o n seq u e n c e  o f  o th e r  e n v i r o m e n t a l  f a c t o r s  su ch  as  a d v e rse  
c o n d i t i o n s  o f  te m p e r a tu r e ,  s a l i n i t y ,  pH o r  d i s s o lv e d  oxygen 
and p o l l u t a n t s  (R osa F lo s  jgjfc a l , .  1 9 8 8 ).
A i^ form  o f  s t r e s s  i n v a r i a b l y  g e n e r a te s  s t r e s s  r e s p o n s e s  
i n  a n im a ls  (M azeaud, 1977)* A cute  d i s tu r b a n c e s  r e s u l t  i n  
m arked p h y s i o l o g i c a l  s t r e s s  r e s p o n s e s ,  and th e s e  re s p o n s e s  
have  b e e n  w id e ly  u s e d  a s  i n d i c a t o r s  o f  th e  d e g re e  o f  s t r e s s  
e x p e r ie n c e d  (B a rto n  ^  a l . -  1980; D o n a ld so n , 1981; Wedemeyer 
and M cl^ay , 1981)# A v a r i e t y  o f  b io c h e m ic a l  m easurem ents 
i n c l u d i n g  b lo o d  g lu c o s e ,  and l a c t a t e  c o n te n t  h a v e  b e e n  
p ro p o se d  a s  r e l i a b l e  i n d ic e s  o f  th e  r e l a t i v e  s e v e r i t y  o f  
d i f f e r e n t  s t r e s s o r s  i n  f i s h  and o t h e r  a q u a t i c  in v e r t^ i^ r a te s  
(wedem eyer and Y e su ta k e , 1977)#
So f a r  t h e  s t u d i e s  r e l a t e d  t o  th e  s t r e s s e s  a r e  m a in ly  
c o n c e n t r a t e d  i n  th e  h ig h e r  g ro up s o f  an im als  su c h  as mammals
and f i s h e s .  Blacik ^  a l .  (1955) c o n d u c ted  a  s e r i e s  o f  
e x t e n s i v e  s tu d le f l  on sa lm o n id  f i s h e s  t o  u n d e rs ta n d  th e  
p a t t e r n  o f  ch an g es i n  c a rb o h y d ra te  m e ta b o lism  d u r in g  
s e v e r e  e x e r c i s e ,  Mazeaud e t  j l * ,  (19 7 7 ) re v ie w e d  on 
p r im a ry  and s e c o n d a ry  e f f e c t s  o f  s t r e s s  i n  f i s h  i n  g e n e r a l .  
X iater, rio sa  F lo s  (1 9 8 8 ) , s t u d i e d  th e  p r im a ry  and
s e c o n d a ry  s  t r e s s  r e s p o n s e s  t o  g r a d in g  and h a u l i n g  i n  
-'^airibow t r o u t ,  Salm o o a i r d n e r i .
S t r e s s  s t u d i e s  i n  c r u s t a c e a n s  a r e  r e l a t i v e l y  v e ry  
few . M ost o f  t h e  l i t e r a t u r e  on s t r e s s  e f f e c t s  r e l a t e  t o  
h y p o x ia  o r  a n o x ia  on  th e  m e ta b o lis m . (T a y lo r ,  197 7 ; B r id g e s  
and B ran d , 1979; B u rk e , 1 9 7 9 ) . I n v e s t i g a t i o n s  a n a ly s in g  
th e  m e ta b o l i c  ch an g ed  d u r in g  and a f t e r  s e v e r e  e x e r c i s e  a re  
s t i l l  s c a n t y ,  A few  s t u d i e s  a n a ly s in g  th e  m e ta b o lism  
d u r in g  and a f t e r  s e v e r e  m u s c u la r  vjoCk a r e  c o n c e rn e d  w ith  
b r a c h y u r a n s  (B urke, 1979; McMohan _gt , 1 9 7 9 ) .
I n  r e c e n t  y e a r s  c o n s id e r a b le  i n t e r e s t  h a s  cen t-vered  
a ro u n d  t h e  p o s s i b l e  u s e  o f  th e  b lo o d  s u g a r  l e v e l  a s  an  
i n d i c a t o r  o f  v a r io u s  form s o f  s t r e s s  (H u tt in g h , 1 9 7 6 ) , I t  
h a s  lo n g  b e e n  known t h a t  d i f f e r e n t  k in d s  o f  s t r e s s  ( a n o x ia ,  
s t r u g g l i n g )  in d u c e s  an e l e v a t i o n  o f  b lo o d  s u g a r  l e v e l  i n  
e la a m d b ra n c h s  ( S c o t t ,  1 9 2 1 ) , and t e l e o s t s  (McCornlcOc and 
McX«od, 1 9 2 5 ) . v a r io u s  p ro c e d u r e s  in v o lv e d  i n
sa c ^ a c u l t u r e  p r a c t i c e s  su c h  as c a p tu r e  and h a n d l in g  a lm o s t 
i n v a r i a b l y  r e s u l t  I n  hyper^^g lycem la  (C hav ln  & Y onge, 1970> 
W edaneyer, 1972; M ile s  ^  1974; S p e d k e r and S c h re c k ,
198 0 ) ,  A cco rd in g  t o  X«ove (1980) th e  m o st c h a r a c t e r i s t i c  
g e n e r a l  r e s p o n s e  t o  s t r e s s  from  v ^ a te v e r  s o u r c e  i s ,  a  
p ro n a in c e d  r i s e  in - b lo o d  s u g a r  l e v e l .  B lood g lu c o s e  
c a i c e n t r a t i o n  h a v e  b e e n  m ea su re d  f o r  s e v e r a l  c u l t u r e d  co3d 
w a te r  f± 5 h e s  p a r t i c u l a r l y  s a lm o n id s  t o  e v a lu a t e  th e  trau m a  
a s s o c i a t e d  w ith  v a r io u s  c u l t u r e  p r o c e d u r e s  (D o n a ld so n , 1 9 8 7 ) ,
G ly co g en  s e r v e s  a s  t h e  im m e d ia te  s o u rc e  o f  e n e rg y  f o r  
i n t e n s e  m u sc u la r  w ork i n  a l l  a n im a ls ,  M eyerhof and lohm an 
(1 9 2 8 ) d e m o n s tra te d  th e  o v e r a l l  c o n v e r s io n  o f  g ly c o g e n  
t o  l a c t i c  a c id  I n  c r u s t a c e a n  m u s c le .  I t  i s  show n i n  f i s h e s  
t h a t  t h e  m usc le  g ly c o g e n  b re a k s  down d u r in g  s e v e r e  e x e r c i s e  
( M i l l e r  e t  j j i , ,  1959; B ladk  ^  1 9 6 5 ). N akano and
T o n lln s o n  (1967) show ed t h a t  i n  Salm o a a i r d n e r i  ^ t h e  l i v e r  
and  s k e l e t a l  m u sc le  g ly c o g e n  d e c r e a s e d  i n  r e s p o n s e  t o  
p h y s i c a l  d i s t u r b a n c e s  and i n c r e a s e d  d u r in g  r e c o v e r y .
S t u d i e s  c o n d u c te d  b y  P r ic h a re L  & Eddy (1 9 79 ) on tw o  
s p e c i e s  o f  mud sh r im p  C a l l l a n a s s a  c a l i f o r n j ^ s I s  and Upfbebla 
p u a e t t e n s l f l  e x p o se d  t o  a n o x ia  shew ed no  s i g n i f i c a n t  
r e d u c t i o n  i n  c a r b o h y d r a te  r e s e r v e s  i n  m u^clc  and h e p a to -  
p a n c r e a s .
One o f  t h e  p r im a ry  ch em ica l m echanism  t h a t  p ro v id e s  
e n e rg y  f o r  m u sc u la r  c o n t r a c t i o n  i s  t h e  a n a e ro b ic  g ly c o ly s i s  
o f  c a rb o h y d ra te  t o  l a c t i c  ac id «  E nergy  demand d u r in g  th e  
s t r e s s  o f  a c t i v i t y  o f t e n  in d u c e s  a n a e rd d ic  m etab o lism  
c a u s in g  l a c t i c  a c i d o s i s .  E x te n s iv e  s t u d i e s  by  B lack  and 
h i s  c o l le a g u e s  (1955) w ith  s e v e r a l  sa lm o n ld  s p e c i e s  h av e  
shown t h a t  m u sc le  g ly co g en  i s  r ^ i d l y  m o b il iz e d  d u r in g  
e x e r c i s e  and s u b s t a n t i a l  am ounts o f  l a c t i c  a c id  a p p ea r  
im m e d ia te ly  i n  t h e  m u sc le  (B lack  e t  1959/ 1960^ 1961;
P a rk e r  and B lack  1959)#
A lth ou g h , i n  g e n e r a l  a  te n d e n c y  t o  form  l a c t a t e  i s  
much l e s s  I n  i n v e r t e b r a t e  t i s s u e s  compared t o  v e r t e b r a t e s  
(Hammen, 1969), t h e r e  i s  e v id e n c e  t h a t  c r u s ta c e a n s  accu m u la te  
l a c t a t e  u n d e r  s t r e s s  c o n d i t i o n s .  T e a l  and Carey, (1967) 
shovjed a c c u m u la tio n  o f  l a c t a t e  I n  th e  m arsh  c ra b  Uca p u a l l a t c c  
Tinder c o n d i t io n s  o f  h y p o x ia , s t u d i e s  on l a c t i c  a c id  accMmu- 
l a t l o n  d u r in g  a c t i v e  m u sc u la r  work w ere c o n d u c ted  on s e v e n  
s p e c i e s  o f  c r u s ta c e a n s  ( P h i l i p s  ^  a l . j  1 97 6 ), l e c t a t e  ■ 
b u i l d  u p  as a  r e s u l t  o f  e x e r c i s e  h a s  b e e n  o b se rv e d  i n  
A u s t r a l i a n  f r e s h w a te r  y a b b le ,  C herax  d e s t r u c t o r  ( P h i l ip s  
e t  a l , ^  1977) and i n  s t r i p p e d  s h o r e  c ra b  PachygraSpus 
c r a s s i p e s  (D en d lg e r & S c h a tz l e in ,  1 9 7 3 ). B rid g e s  and Brand 
( 1 9 8 0 ) s tu d ie d  th e  e f f e c t  o f  h y p o x ia  and o^cygen consum ption  
On. b lo o d  l a c t a t e  l e v e l s  o f  sa n e  m a rin s  c ru s ta c e a *  S tu d ie s
x U
w ere c a r r i e d  o a t  cn e n e rg y  m e ta b o lism  In  th e  t a l l  m uscle  o f  
sh rim p  C raanon c ra o n o n  d tirlisg  work and subse<3u e n t  re c o v e ry  
(T honas Oiman & Zebe, 1982)# S p o t^  & l u t z  (1980) e s t a b l i s h e d  
th e  l a r g e  and r a p i d  a c c u m a la tlo n  o£ l a c t i c  a c id  I n  th e  body 
t i s s u e s  o f  tw o co ram erc la lly  im p o r ta n t  p raw ns, Macrctorachltnn 
r o o e r ib e r g l l  and P sn aeu s  dg oraram ,
The co n sec ^ en c es  o f s t r e s s  on H p ld  m e ta b o lism  I s  f a r  
from  c le a r *  N ot many s t u d i e s  a re  undertaSeen on t h i s  a s p e c t ,  
i te c e n tly ^  m ore a t t e n t i o n  h a s  b e e n  p a id  on l i p i d  m etab o lism  
I n  f i s h  which h as e n t a i l e d  r e s e a r c h  In  th e  e f f e c t  o f s t r e s s  
on t h e  f r e e  f a t t y  a c id  ( B l l ln s lc l ,  1 9 7 4 ). Mazeaud (1973) 
show ed t h a t  s t r e s s e s  w hich  r a i s e  th e  l e v e l  o f  b lo o d  g lu c o se  
^  Q y p rln as  c a ro lo ^  a m tc m a tlc a l ly  r e d u c e  th e  f r e e  f a t t y  
a c id s  I n  th e  b lo o d .
T i l l  now th e r e  are  no c o i^ e h e n s lv e  s tu d ie s  on th e  
r e l a t iv e  s ig n if ic a n c e  o f  p r o te in  m e t^ o llsm  d u rin g  s t r e s s  
c o n d it io n s .
T h ere  I s  a  g lc to a l I n t e r e s t  I n  th e  c u l t u r e  o f  p e n a e ld  
praw ns t o  augument p ro d u c t io n ,  c b v lo u s ly  b e c a u se  o f  c e r t a i n  
s p e c i a l  q u a l i t i e s  I n h e r e n t  I n  them . They a re  e u ry h a l ln e  
s p e c i e s ,  h a rd y  I n  n a tu r e  and grows f a s t e r  t o  a  v e ry  la r g e  
s i z e .  H iey a l s o  coranand a v e ry  h ig h  p r i c e  i n  th e  i n t e r ­
n a t i o n a l  m arket*
l l
I n  any l a r g e  s c a l e  c u l t u r e  o p e r a t io n ,  one o f  th e  fo re m o s t 
rec ju ire sn en t i s  t h e  a v a i l a b i l i t y  o f  s e e d  as and when r e q u i r e d  
by th e  fazrmer* So i t  i s  n e c e s s a ry  t o  c o n s id e r  th e  a p p r o p r ia te  
i n f r a s t r u c t u r a l  f a c i l i t i e s  r e t i r e d  f o r  m a s s s c a le  p r o d u c t io n  
o f  p ra m s  s e e d .  H a tc h e r ie s  p l a ^  a  v e ry  Im p o r ta n t  r o l e  i n  th e  
p r o 4 u c t io n  and s t e a d y  su p p ly  o f  p raw n s e e d s ,  th ro u g h o u t  t h e  
s e a s o n .  W hether t h e  se e d  i s  p ro d u c e d  i n  th e  h a tc h e r y  o r 
c o l l e c t e d  from  t h e  w i ld  th e y  a r e  t o  b e  t r a n s p o r t e d  and d i s t r i ­
b u te d  i n  th e  fa rm  s i t e .  T h is  n e c e s s i t a t e s  t r a n s p o r t  o f  s e ^  
f o r  s h o r t e r  o r  lo n g e r  d u r a t io n s  d e p e n d in g  on th e  d i s t a n c e  o f  
t h e  fa rm  s i t e  from  th e  se ed  p r o d u c t io n  o r c o l l e c t i o n  c e n tre #  
S e v e r a l  b i o l o g i c a l ,  e n v iro n m en ta l#  and p h y s i c a l  f a c t o r s  
i n f lu e n c e  th e  s u r v i v a l  and w e l l - b e in g  of th e  s e e d .  H an d lin g , 
c o n fin e m e n t, oxygen d e f i c i e n c y ,  h ig h  teri5> e ra tu re ,  a r e  sa n e  
o f  t h e  v e ry  im p o r ta n t  f a c t o r s  w h ich  a f f e c t  th e  s u r v i v a l  of 
th e  s e e d  d u r in g  t r a n s p o r t a t i o n .
I n  raaiiy o f  t h e  c o n m e rc ia l ly  Im p o r ta n t  p e n a e id  praw ns 
i t  i s  shown t h a t  s e v e re  p h y s ic a l  d i s tu r b a n c e s  d u r in g  c a p tu r e  
and  t r a n s p o r t a t i o n  w i l l  le a d  t o  opac|ueness i n  t h e  abdom inal 
m u s c u la tu r e  (Rlgdcsi & B a x te r ,  1 9 7 9 ), ccnm only c a l l e d  a s  
m u sc le  n e c r o s i s .  When sh rim p s a r e  e ^ ^ o se d  t o  s t r e s s f u l  
C o n d i t io n s ,  su ch  a s  lOtg' oxygen, o v e r  c row ding , o r  v i o l e n t  
movem ent, th e  m u sc le s  lo s e  t h e i r  norm al t r a n s p a r e n c y  and 
beccm e b lo tc h e d  ^w ith  w h i t i s h  a r e a s  t h r o u ^ o u t .  Hidgon St
B a x te r  (1970) s tu d ie d  th e  h i s t o p a t h o l o g i c a l  a s p e c t s  of 
nec3Totic m u sc le s  I n  brown sh rim p  P enaeus a z te c u s .  b u t  cou3d 
n o t  d e te rm in e  t h e  c a u se  o f  n e c ro c  i s .  LcOcshni ^  (1977)
s t u d i e d  th e  e f f e c t  o f  s a l i n i t y  and t e n ^ e r a tu r e  ch an g es on 
sp o n ta n e o u s  m usc le  n e c r o s i s  i n  P enaeus a z te c u s^
A v a r i e t y  o f  b io c h e m ic a l  m easurem ents have b een  
p ro p o se d , t o  e v a lu a te  th e  trau m a  a s s o c ia te d  w ith  v a r io u s  
c u l t u r e  p r o c e d u r e s ,  su c h  a s  c a p tu r e ,  h a n d lin g ,  t r a n s p o r t a t i o n  
e t c .  S e v e r a l  s t u d i e s  have shown t h a t  m arked s p e c i e s  d i f f e r e n c t f s  
e x i s t  i n  t h e  m ag n itu d e  and d iz ra ticn i o f  b io c h e m ic a l  s t r e s s  
r e s p m s e s  t o  v a r io u s  s t r e s s o r s  (Wedemeyer, 1 9 7 6 ), Thus i t  
i s  d in p o rtan t t o  exam ine  th e  s t r e s s  r e s p o n s e s  o f  e a c h  s p e c ie s  
r e a r e d  i n  c ^ t i v i t y .
^ e  p r e s e n t  work was c a r r i e d  o u t  t o  e v a lu a te  th e  v a r i a ­
t i o n s  i n  b io c h e m ic a l  c o n s t i t u e n t s  o f  haemolymph (g lu c o se , 
l a c t i c  a c id ,  l i p i d ,  p r o t e i n )  and m u sc le  (g ly c o g e n , l a c t i c  a c id ,  
l i p i d  and p r o t e i n )  o f  Ih d ia n  v t i i t e  praw n Penaeus in d ic u s  ^
H i s t o l o g i c a l  o b s e r v a t io n s  o f  th e  m u sc le  and h e p a to p a n c re a s  
o f t h e  no rm al and s t r e s s e d  nrai^ms were a ls o  made*
HAICRIAIS and MBIIHCDS
Foe th e  p r e s e n t  sttady, p e r io d ic  c o l l e c t io n s  were masie 
jErcm fctrm r e a r e d  Penaeas In d ic u s ,  100-120 mn in  s i z e  frcm  
M atsyafed  farm  o f  K e ra la  S t a te  F is h e r ie s  D epartm ent* Normal 
h e a l th y  an im als w ere s e le c te d  and t r a n s p o r te d  t o  th e  labo-^ 
r a t o c y .  On r e a c h in g  th e  laiboratcary th e  prawns were t r a n s f e ­
r r e d  t o  la r g e  f i b r e  g la s s  ta n k s  o f  2 tonne  c a p a c i ty
c o n ta in in g  f i l t e r e d  and w e ll a e ra te d  se aw a te r  o f  l5%o
t
s a l i n i t y ,  - H ie an im als were a c c l im a t is e d  t o  th e  la b o ra to ry  
c o n d it io n s  f o r  a  p e r io d  o f  48 h o u rs  b e fo re  u s in g  them f o r  
e^qperim ental p u rp o se .
Prawns in  th e  in te rm o u lt  s t a g e  were i s o l a t e d  and k e p t  
s e p a r a te ly  f o r  th e  e s ip erim en t. In  th e  f i r s t  ex p erim en t 
s t r e n u o u s  e x e r c is e  was perfo rm ed  m anually  on two prawns a t  
a  tim e  t y  co n tin u o u s  c h a s in g  and f r ig h te n in g  them fear a  
p e r io d  o f 30 and 5 0 m inu tes  s e p a r a t e ly .  In  th e  second 
e j ^ r i m e n t ,  praw ns num bering around 8 t o  10 a f t e r  30 
m in u te s  o f s t r e n u o a s  e x e r c is e  w ere k e p t s e p a r a te ly  foe  24 
h o u rs  i n  w e l l  a e ra te d  tan k s  t o  re<pover from th e  s tre i* ic u s  
e x e r t i o n ,  C o n tro l  anlmaJ.s o f  in te r m c u l t  s ta g e  were a ls o  
m a in ta in e d  s e p a r a te ly  w ith o u t any d is tu rb a n c e s  and s t r e s s ,  
^tem perature in  th e  h o ld in g  tariks dizring e x p e r im e n ta l  
p e r io d  ran g ed  frcm  2 5 - 2 7 and s a l i n i t y  i^anged frcm  12%^
t o  15^* • A t th e  end o f  titie s t r e s s  p e r io d , haemolymph 
s a u r ie s  from  a l l  ij:K llvldual prawns were c o lle c te d *
Sam ples o f  BRiscle t i s s u e  were a ls o  e x tr a c te d  fo r  b ioch e ­
m ic a l a n a ly s iB .
BIOGHSMICAL ANAISTSIS
B ioch em ica l a n a ly s is  were c a r r ie d  out fo r  ^ a n t l t a t i v s
d e te r m in a tio n  o f  g ly co g e n , l a c t i c  acid« l ip i d  and p r o te in  In
m uBcle t i s s u e  and g lu c o se , l a c t i c  a c id , l ip i d  and p r o te in  
c o n te n t  in  haemolymph*
HAEMOLYMPH COLI£CTZON«
fir io i: t o  s a c r i f i c i n g  th e  an im als haomolymph c o l l e -  
c t i c n s  were made fro n  in d iv id u a l pra:wns tiir o u # i th e  
p e r ic a r d ia l  c a v it y  u s in g  1 m l. hypoderm ic g la s s  sy r in g e  
f i t t e d  w ith  namber 22 n e ed le*  A 5% s o lu t io n  o f  tr lso d io m  
c i t r a t e  was e f f e c t i v e l y  u sed  as an an ti^ co a g u la n t*  Ihe  
s y r in g e  was r in s e d  w ith  th e  a n tic o a g u la n t b e fo r e  e x tr a c t ­
io n  o f  haemoSymph* R rior t o  t h a t  th e  carapace and ad jacen t  
a r e t f  o f  in d iv id u a l  prawn were d r ie d  w ith  absocbant p ^ e r  
t o  rem ove th e  e x c e s s  m o istu re  ad h erin g  t o  th e  body« 
Haenolymph s w a le s  w ere then c o l le c t e d  in  sm a ll g la s s  
v i a l s  and Icept frossen u n t i l  u se d .
Tissm  cozi£CTZcait
A fter ttoa •setPaetioR o f haam ol^ph, the pceatm  w ^e 
d lsM etcd  flat iaamediateSy, and tSia fresh  tissu e  suc^ as 
hpS^ aoaela an4 hepatepanereai were exei^ted oat« fcr 
b ie« li«a ica i asA h la t e lo g l^  wQde'«
C roteia content la  the moscle and haanolymph was 
dpitc EmiaBd trt B iuret awthoA (G em ell 1949). B<»im
antrwn aHmmin (Signa c%emi<saX used prepare Jbhe
standard eorve f«r t o ^  p rotein  eatiaatlon«
Gayeogitt e o n te i^  in  the imise2e t is su e  was detem iiaed 
^  method o f  Kanp and K its (1954 )• lEMJbacose woi used 
fo r  preQsariag standard oarve« 'Jhs stw dard  curve vaScM 
were m u ltip lied  by 0*927 a GOnversion fafictor for gluevee 
to  g^cogen*
Total l ip id  ccntent ^  bol^ siusole and haemolyn^ 
were deteonined by the modified method of*SulphophosphovaniUin* 
of Barim  and Blac3cstO0k (1973)» Sxtra pure cholesterol 
was used fir t2ie preparation o f standard curve.
For the estimatite of glueoot ia  haenolynqphi the 
Method of Nelson (1944) and Scnogyi <194S) was fo llo v ed , 
D^glttooee vtfi used as a standaxd for the preparation of 
standard curve*
i o
L a c tic  a c l4  co n ten t in. th e  m uscle and haemolyra^  
was estim a ted  fo llo t^ in g  th e  method o f  Baricer and SQiroerson 
(1 9 4 1 ) .
HISTOLOGICAL STODXES$
H is t o lo g ic a l  B tu d ies o f  maeclB t i s s u e  and hepatopan- 
creas o f  normal and s t r e s s e d  prawns were made under the  
l i ^ t  microscop'c* 3hvnediately a f t e r  each  experim en t the  
t i s s u e s  v e r e  c o l le c t e d  frcni th e  anim als and th en  th ey  were 
f ix e d  in  s u ita b le  f i x a t iv e s  v iz««  B ou in 's f lu id  and 10^ 
N eu tra l b u ffered  form alin*
A fter  48 hours o f  f ix a t io n ,  th e  t i s s u e s  were washed 
in  runn ing ta p  w ater fo r  a t  l e a s t  4 hours and th en  d ir e c t ly  
tr a n sfe r r e d  t o  a lc c h o l fc^  fu r th e r  p ro cess in g *
X to c ess in g  o f  t i s s u e s  and s ta in in g s
Poc c u t t in g  s e c t io n s  o f  t i s s u e s  in  p a r a f f in , the  
d eh y d ra tio n  and c le a r iz ig  o f  the t i s s u e s  were c a r r ie d  out 
a t  ro a n  tem perature (28"C)« The t i s s u e s  were dehydrated  
th rou s^  ascen d in g  s e r ie s  o f  a lc o h o l grades s t a r t in g  fron  
705fi u p to  100%* Tlie t i s s u e s  were k e p t in  each  grade fo r  a t  
l e a s t  one hour b e fo r e  p a ss in g  t o  th e  oth er grade* A fter  
detqrdration i s  co:npleted th e  t i s s u e s  are c le a re d  th r o u ^
3 changes o f  ^ lo ro fo rm *  B efore embedding th e  t i s s u e s  in
I V
p a r a f f in  wax, one hour J n ^ e g n a t io n  In  m o lten  wax (56-58®C  
M ,P*) was g iv en  tw ic e ,
n ie  . s e c t io n s  w ere c u t  a t  4 t o  6 ^  th ld k n e ss  
u s in g  a  m anual r o ta r y  m icrotcm e. A fter  d ^ a r a f f in in g  in  
^ l e n e  th e  s e c t io n s  w ere hyd rated  through d e so en a in g  grades 
Of a lc o h o l,  washed f i n a l l y  i n  d i s t i l l e d  w ater and th en  
s ta in e d  w ith  H arris alum H aem atoxylin; and c o u n te r s ta in e d  
w ith  1% a lc o h o l ic  e o s in «  ih e  s ta in e d  s e c t io n s  w ere then  
d eh yd ra ted  and m ounted in  Dpx t h r o u ^  x y le n e , P h o ta n icro -  
gre^ hs o f  th e  h i s t o l o g i c a l  p r e p a r a tio n s  were ta k en  u s in g  
/n  e r i c  an o p t ic a l  R esearch  M icro sco p e .
S t a t i s t i c a l  a n a ly s is  was done t o  f i n i  o i t  ary 
s ig n i f i c a n t  d i f f e r e n c e s  in  t iie  e x p e r im en ta l r e s u l t s .  A ll  
th e  s t a t i s t i c a l  a n a ly s is  were c a r r ie d  o u t a cco rd in g  t o  
m ethod o f  Sne<:iecor and Cochran (1 96 7 ) •
P l a t e  1. Normal (A) and  s t r e s s e c i^ e n a e u s  i n d l c u s . W hite 
f o c i  (C) on f i r s t  fo u r  abdom inal seg m en ts  show 
d i f f e r e n t  s t a g e s  o f  n e c r o s i s  d ev e lo p m en t.
R E S U L T S
r e s u l t s  o f  th e  e s t im a t i o n  of b io c h e m ic a l  c o n s t i ­
t u e n t s  o f haemolymph and m u sc le  t i s s u e  o f  th e  praw n,
Penaefus In d lc u s  a f t e r  30 and 50 m in u te s  s t r e n u o u s  e x e r c is e  
and f o r  th e  r e c o v e ry  p e r io d  a re  p r e s e n te d  In  t a b l e  i  and 
t a b l e  2«
BIOCHEMICAL CCKSTHUENTS
1 . HAEMOLYMPH 
G lu c o s e >
G lu co se  c o n te n t  i n  haemolymph sha*;ed a  r a p i d  in c r e a s e  
a f t e r  30 and 50  m in u te s  s t r e n u o u s  e j ^ r c i s e  (4 6 ,6 4  + 0 ,2  rng% 
and 4 8 .2  + 4 * 5  mg% r e s p e c t iv e l y ) *  In  norm al h e a l th y  an im a ls  
th e  g lu c o s e  c o n te n t  v^as found  t o  be in  th e  r a n g e  11-26 mg/> 
D u rin g  th e  r e c o v e ry  p e r io d  c£ 24 h o u rs  a f t e r  s u b j e c t i n g  th e  
p raw ns f o r  s t r e n u o u s  e x e r c i s e ,  th e  b lo o d  g lu c o s e  c o n te n t  
a lm o s t  r e g a in e d  i t s  norm al v a lu e  (18 mg%) ( F i a . i ) ,
S t a t i s t i c a l  a n a ly s i s  was c a r r i e d  o u t u s in g  A n a ly s is  
o f  v a r ia n c e  (ANOva) and th e  d i f f e r e n c e s  in  t h e  g lu c o s e  
c o n te n t  o f  haemolymph d u r in g  d i f f e r e n t  s t a g e s  o f  s t r e s s  
c o n d i t i c n s  a r e  fo u n d  t o  b e  s t a t i s t i c a l l y  s i g n i f i c a n t ,  a t  5% 
l e v e l .  (T ab le  3 a ) .
L a c t i c  a c id ;
S tre n u o u s  e x e r c i s e  r e s u l t e d  I n  a  l a r g e  and r ^ i d  r i s e  
In  th e  c o n c e n t r a t i o n  o f  l a c t i c  a c id  i n  haem olymph ( F ig ,  2 ) ,
The a v e ra g e  b lo o d  l a c t a t e  v a lu e  i n  u n e x e r c is e d  ncarmal p raw ns 
was 3 0 ,8 9  ^  9*26 mg%. A f te r  30 m in u te s  s t r e n u o u s  a c t i v i t y  
t h e  b lo o d  l a c t a t e  l e v e l  r o s e  t o  5 6 ,0 4  + 9 .4 5  rag In  t h e  
s t r e s s e d  and e x h a u s te d  p raw ns (5 0  m in u te s  s t r e n u o u s  e x e r c i s e )  
th e  v a lu e  was 7 7 ,3 2  + 1 3 ,2  mg%. A f t e r  24 h o u r s  of r e c o v e ry  
th e  l a c t a t e  l e v e l  a lm o s t  r e a c h e d  t h e  no rm al l e v e l  (4 7 ,6 4  +
9 ,7  mg%),
ANOVA show ed t h a t  th e  d i f f e r e n c e  i n  l a c t i c  a c id  c o n te n t  
o f haem olym ph b e tw e e n  ■tfie n o rm a l, s t r e s s e d ,  and s t r e s s  r e c o v e r ­
ed  p raw n s a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  (T a b le  3 b ) ,
h i o id t
L ip id  l e v e l  i n  haem olymph showed a  s l i g h t  d e c re a se  
d u r i n g  s t r e s s  c o n d i t i o n s  ( F ig ,  3 ) ,  30 m in u tes o f
c o n t in u o u s  p h y s i c a l  e x e r c i s e  th e  l i p i d  l e v e l  sho\-7ed a marked 
d e c r e a s e  f r a n  n o rm al v a lu e  and t h e  v a lu e s  o b se rv e d  v?ere 
2 5 3 ,7 2  + 3 0 ,9 7  mg% and 1 6 3 .8  + 2 1 ,0 6  mg % r e s p e c t iv e l y *  I t  
shov;ed a  f u r t h e r  d e c r e a s e  i n  50 m in u te s  s t r e s s e d  prawns 
( 1 3 8 ,6 7  ±  1 6 ,9 9  mg%),  The s t r e s s e d  ( 3 O m in u te s )  and 
r e c o v e r e d  a n im a l show ed an  a lm o s t  norm al l e v e l  w i th  an  
a v e ra g e  o f  2 1 9 .8  Jt 2 6 ,7 7  mg%.
ANOVA I n d ic a te d  t h a t  th e  d i f f e r e n c e  In  t h e  l i p i d  
c o n t m t  o f  haem olym j^ b e tw een  n o rm a l, s t r e s s e d  and s t r e s s  
r e c o v e r e d  praw ns a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  (T ab le  3 c ) .
H ro te ln  c o n te n t  In  haemolymph d id  n o t  sha-? any s i g n i ­
f i c a n t  change b e tw een  n o rm a l and s t r e s s e d  pravm s ( F ig ,  4 ) .  
The a v e ra g e  haemolymph p r o t e i n  c o n te n t  i n  c o n t r o l  an im al 
vjas fo u n d  t o  be  5«6 ^  0 .9  309g%« T h ere  was n o  s i g n i f i c a n t  
chan ge  I n  haemolymph p r o t e i n  c o n te n t  a f t e r  30 and 5 0 min­
u t e s  s t r e n u o u s  e ^ o s rc ise  4 ,9 4  + 0 ,684  mg% and 4 .7 6  + 0«6066g% 
r e s p e c t i v e l y *  I> u rln g  th e  r e c o v e r y  phase  th e  p r o t e i n  c o n te n t  
was fo u n d  t o  b e  4 .8 3  + 0.53g% .
R e s u l ts  o f t h e  AKOVA r e v e a le d  t h a t  d i f f e r e n c e s  i n  th e  
p s o t e l n  c o n te n t  o f  haemolymph b e tw ee n  th e  norm al# s t r e s s e d  
and s t r e s s  r e c o v e r e d  p raw ns v « re  n o t  s i g n i f i c a n t  s t a t i s t i ­
c a l l y .  t a b l e  ( 3 d ) .
2 .  MUSCXg TISSUE 
G lv c o o e n :
M uscle g ly c o g e n  showed a  s i g n i f i c a n t  r e d u c t io n  a f t e r  
th e  a p p l i c a t i o n  o f  s t r e n u o u s  p h y s i c a l  e x e r c i s e  (T ab le  2;
F i g .  5 ) ,  A f te r  30 m in u te s  o f  s t r e n u o u s  e x e r c i s e ,  th e  
m u sc le  g ly c o g e n  v a lu e  was found t o  be  0,126 + 0 ,3 5  mg%.
m o re  th a n  50% r e d u c t io n  f r o n  th e  n o rm a l v a lu e  (0 ,3 2  +
0*13 mg%)« A f te r  5 0 m in u te s  o f  s t r e n u o u s  e s e r c i s e ,  t h e  
l e v e l  f u r t h e r  f e l l  down t o  0 ,0 7 3  ± 0*03 mg%, th e  
r e c o v e r y  p h ase  how ever ih e  g ly c o g e n  l e v e l  was n o t  fo an d  
t o  b e  re s tc a re d  and th e  a v e r a ^  v a lu e  c b se rv e d  was 0,096 
± 0 ,0 3 8  mg%*
ANOVA Showed t h a t  th e  d i f f e r e n c e s  i n  g ly c o g e n  c o n te n t  
o f  m u sc le  be tw een  nocmcil, s t r e s s e d  and s t r e s s  r e c o v e re d  
p raw n s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  (T ab le  4 a ) ,
L a c t i c  a c i d :
As i n  th e  c a s e  o f  haemolymph l a c t a t e ,  m u sc le  l a c t a t e  
a l s o  showed a  r a p i d  i n c r e a s e  d u r in g  s t r e n u o u s  e jc e rc is e  
( F ig ,  6 )#  A f te r  30 m in u te s  o f  s t r e n u o u s  e x e r c i s e ,  m u sc le  
l a c t a t e  showed a  s t e e p  r i s e  f r o n  a  c o n t r o l  v a lu e  o f  0 ,09  3 
± 0..025 mg% t o  0 ,2 6  2 ^  0 ,0 4 7  mg%* The l a c t a t e  l e v e l  f u r t h e r  
I n c r e a s e d  u p t o  0 ,4 0 2  + 0 ,0 59  mg%, a f t e r  50 m in u te s  o f  
s t r e n u o u s  e x e r c i s e ,  A i r in g  th e  r e c o v e r y  p h a se , th e  m usc le  
l a c t a t e  l e v e l  came down and  was s e e n  s l i g h t l y  h ig h e r  th a n  
t h e  n o rm a l  v a lu e  (0 ,1 6 8  + 0 ,2 3  n^% ),
R e s u l t s  o f  ANOVA r e v e a le d  t h a t  th e s e  d i f f e r e n c e s  i n  
m u sc le  l a c t a t e  c o n te n t  b e tw een  n o rm a l, s t r e s s e d ,  and s t r e s s  
r e c o v e r e d  a n im a ls  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  (T ab le  4 b ) ,
L lp ld i
H is c le  l i p i d  l a v e l  showed a  s l i g h t  d e c r e a s e  d u r in g  
*the s t r e s s  p e r io d  (P ig .  7 ) .  A f te r  30 m in u te s  o f  s t re n u o u s  
e x e r c i s e ,  th e  l i p i d  v a lu e  came dov'm f r o n  a  norm al l e v e l  o f 
2 ,9 5  + 0 ,3 2  mg/lOO mg t o  2 ,0 i  + 0 ,646  mg%# Id p ld  l e v e l  
s h o ^ d  a fx irth er  d e crea se  a f t e r  5 0 m inu tes o£ s t r e n u c u s  
e x e r c i s e  {1,704 + 0 ,85 7  mg%),  S t r e s s  recoverG d praw ns 
showed an a v e ra g e  l i p i d  c o n te n t  o f  2 ,477  + 0 ,382  mg%,
^ o v a  showed t h a t  th e  d i f f e r e n c e s  i n  l i p i d  c o n te n t  
o f  m u sc le  betw een  n o rm al, s t r e s s e d  and s t r e s s  r e c o v e re d  
p raw n s a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  (T able  4 c ) ,
P r o t e i n i
P r o t e in  c o n te n t  i n  th e  m u sc le  e 5 ch ib its  n o  s i g n i f i c a n t  
v a r i a t i o n  between norm al and s t r e n u o u s ly  e x e r c i s e d  p raw n s, 
( F i g ,  8 ) .  The a v e ra g e  m u sc le  p r o t e i n  c o n te n t  i n  norm al 
a n im a ls  was 14 ,75  ^  1«03 mg%. A f te r  30 and 50 m in u te s  
e 3 ® r c ise s  th e  p r o t e i n  c o n te n t  sho^^^ed no s i g n i f i c a n t  v a r i a t i o n ,  
th e  v a lu e s  b e in g  1 4 ,2  + 0 ,55  mg%, and 1 5 ,2  + 0 ,8 85  mg% 
r e s p e c t i v e l y ,  D u rin g  th e  r e c o v e r y  p e r io d ,  th e  p r o t e i n  
c o n te n t  v;as fo und  t o  b e  1 5 ,1  + 0 ,8 7 7  mg%,
AHOVA showed no  s i g n i f i c a n t  v a r i a t i o n  i n  m uscle  
p r o t e i n  c o n te n t  i n  n o rm al, s t r e s s e d ,  and s t r e s s  r e c o v e re d  
pra^>ms (T ab le  4 d ) ,
T a b le  I t  V a r ia t io n s  i n  b io ch e m lc aX  c o n s t i t u e n t s  i n  
haemolymph o f  £ •  a f t e r  30 a n d  5 0
m in u te s  o f  s t r e n u o u s  e x e r c i s e  an3 f o r  t h e  
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T a b le  28 V a r ia t io n s  i n  b io c h e m ic a l  c o n s t i t u e n t s  i n  
m u sc le  t i s s u e  o f  P* i n d i c u s .  a f t e r  30  and  
50  m in u te s  o f  s t r e n u o u s  e x e r c i s e  and  f o e  
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F i g ,  1 .  Changes I n  g lu c o s e  c o n te n t  o f  haeraolym ph a f t e r  
30 and 50  m in u te s  o f  s t r e n u o u s  e x e r c i s e  and  a  
r e c o v e r y  p e r i o d  o f  24 h o u r s *
HAEMOLYMPH
F ig*  2« C hanges In  l a c t i c  a c id  c o n te n t  o f  haemolymph 
a f t e r  30 and 5 0  m in u te s  o f  s t r e n u o u s  e j t e r c l s e  
and  a  r e c o v e r y  p e r io d  o f  24 h o u rs*

F ig ,  3* C hanges i n  l i p i d  c o n te n t  o f  haem olym ph a f t e r  
30 and 50  m in u te s  o f  s t r e n u o u s  e x e r c i s e  and 
a  r e c o v e r y  p e r i o d  o f  24 h o u r s .

F ig #  4 .  Changes i n  p r o t e i n  c o n te n t  o f  haem olym ph a f t e r  
30 and 5 0 m in u te s  o f  s t r e n u o a s  e j ^ r c i s e  and  a  
r e c o v e r y  p e r io d  o f  24 h o u rs#

F ig .  5 ,  C hanges ±n g ly c o g e n  c o n te n t  o f  m u sc le  a f t e r  
3 0  and 50 m in u te s  o f  s t r e n u o u s  e x e r c i s e  and  
a  r e c o v e r y  p e r io d  o f  24 h o u r s .

F i g .  6 ,  Cliengcs i n  l a c t i c  a c id  o f  m u s c le  a f t e r  
30 and 5 0 m in u te s  o f  s t r e n u o u s  e x e r c i s e  
and a  r e c o v e r y  p e r io d  o f  24 h ou rs*
. i u
£’i g .  7* Changes i n  l i p i d  c w i t e n t  o f  m u s c le  a f t e r
30  and 5 0  m in u te s  o f  s t r e m o u s  e x e r c i s e  and 









TIME IN MINUTES 
minutes of strenuous exercise —
P i g .  8 ,  Changes i n  P r o t e i n  c o n t e n t  o f  m u s c le  a f t e r  
3 0  atti 5 0 m in u te s  o f  s t r e n u o u s  e x e r c i s e  and 






TaJ^le -  3a# Haemolymph g lu c o se
S ou rce D .F . Sum Sqr r-fean Sum 
s ^
V alue Remarks
T r e a t 3 74 36*9 24 78 .  97
1 0 0 .1 1
H3G.S3G
(1%)
E rro r 26 64 3 .8 2 4 .7 6
T a b le  - 3 b .  Ho^molyinph l a c t a t e
S cx irce D .F . Sum Sqr Mean Sum F .  V alue Remarks
T r e a t 3 7668  .  05 2 5 5 6 .0 2
1 8 .2 6 HIG.SIG(1%)
E rro r 19 1 9 .0 2 6 5 9 .6
s t a t i s t i c a l  ANAl2irS IS
ANOVA TABIES
T a b le  3 c ,  Haemolymph l l p l d
S o u rce D .F . Sum .Sqr Mean siim
Sqr
F . V a lu e *^^arks




4 9 0 5 9 .5
1 1 3 0 6 .1 9
1 6 3 5 3 .1 9
5 9 5 .0 0
2 7 .4 8 HIG.3IG(1%)
T a b le  3 d , Haemolymph p r o t e i n
S o u r c e D .f , Sum.Sc^ I lean sum F . V a lu e i^emarks
T r e a t 3 4 , 9 4  09 1 .6 4 6 9
2 .9 7 N .S .
Z r r a c 24 1 3 .3 2 0 .5 5 5
s t a t i s t i c a l ANAiySIS
ANOVA TABI£S
TaJ^le 4 a* M uscle g ly c o g e n
S o u r c e D .F , Stan Sqr Mean S\xm 
Sqr
P .  V alue i^emarl^s
T r e a t 3 0 .2 9 1 1 9 0 .0 9 7 0
6 .1 8 H333.S3D(1%)
E rroc 23 7 .6  28 0 .3 3 1 6 9
T a b le  4b« M uscle l a c t a t e
S o u rce d . f . Sum Sqr Mean Sum 
S q r ,
P ,  V alue Hemarks
T r e a t 3 0 .4 3 4  25 0 .1 4 4 1 5
6 2 .1 0 HIG.SIG(1%)
E r r o r 26 0 ,  06 036 0 ,0 0 2 3 2
STATISTICAL ?0^ALY3IS
anova tables
T a b le  4 c , M uscle  l i p i d
S a i r c e Sum Scpr Mean Sum 
ScfT
F . V alue Remarlcs
T r e a t 3 6 ,1 5 1 7 2 .0 5 0 5
6 ,1 8 HIG.SIG(1%)
E r r o r 23 7 .6  28 0 .3 3 1 6 9
TaJ^le 4 d , h t i s c le  p r o t e i n
S o u r c e D«p« Sum Sqr *'3ean Sum
Sqr
F . Value itemarlcs
T r e a t 3 4 ,5 5 1 7 1 .5 1 7 2 5
2 .19 H .S .
E r r o r 29 1 6 ,6  039
H j a t o l o q l c a l  s t u d i e s ?
H i s t o l o g i c a l  o b s e r v a t i o n s  w e r e  m»3e on m u sc le  and h e p a to -  
p a n c r e a s  o f  b o t h  norm al and s t r e s s e d  p r a v n s .
The norm al n u is c le  c e l l  o r  j c u s c le  fdtore I s  surroun d ed  
b y  a  plasm anem brane« t h e  sarco lem m a, and w i t h i n  I t  t h e  
e l l i p t i c a l  n u c l e i  w ith  t h e i r  lo n g  a x i s  p a r a l l e l  t o  t h e  le n g th  
o f  th e  fih®2e .  The m u s c le  c e l l  c o n s i s t s  o f  th o u sa n d s  o£ myo­
f i b r i l s .  Thus m u s c le  c e l l  I s  an e l o n g a t e d ,  m u l t ln u c le a t e d  
u n i t *  In  t h e  p r e s e n t  s t u d y  pravms a re  found t o  d e v e lo p  
opaque w h i t e  p a t c h e s  i n  th e  ai^doninal seg m en ts  a f t e r  30 and 5 0 
m in u t e s  o f  s t r e n u o u s  p h y s i c a l  e x e r c i s e .
H i s t o l o g i c a l  o b s e r v a t i o n s  o f  t h e  abdom inal m u sc le  o f  
s t r e s s e d  pra^-ms r e v e a l e d  t h a t  th e  w h i t e  opacrue a r e a s  T.’e r e  
n e c r o t i c .  A reas o f  n e c c o s l s  i-jere u s u a l l y  surrounded  by  
n orm al m u s c le  t i s s u e ,  Opague m u s c le  f i b r e s  d isr> layed  a v a r i e t y  
o f  m o r p h o lo g ic a l  c h a n g e s  c h a r a c t e r i s t i c  o f  p ro  r o s s i v e  se g m e n ta l  
m y o f lb r e  d e g e n e r a t i o n .  The m ost c h a r a c t e r i s t i c  change  
o b s e r v e d  In t h e  m u s c le  a f t e r  30  m in u te s  o f  s t r e n u o a s  e x e r c i s e  
v/ere a  s w e l l i n g  o f  m u s c le  c e l l  fo llox ./ed  tay a l o s s  o f  u s u a l  
c r o s s  s t r i a t i o n s  ( P l a t e  31^  F i g ,  Si ) ,  Seme o f  th e  musclfi c e l l s  
show ed t h e  p r e s e n c e  o f  p y k n o t ic  n u c l e i ,
5 0  m in u te s  s t r e s s e d  prawns showed a more x-;ide d i s t r i ­
b u t i o n  o f  opague w h ite  p a t c h e s  i n  t h e  abdominal s e g m e n ts .
H i s t o l o g i c a l  c t o s e r v a t io n s  o f  tlicsse arects showet3. s e v e r e  
m y o f lb r e  d e g e n e r a t i o n .  F u s io n  and c r o s s - s p l i t t i n g  o f  myo­
f i b r i l s  ^ r e  a l s o  cjbserved  ( P l a t e  H i  F i g , 3  ) ,  H aem ocytic  
i n f i l t r a t i o n  v;as o b se r v e d  around th e  n e c r o t i c  f o c i  ( P l a t e j f c 3  
F i g ,  2. )* A p r o n in e n t  s h r in k a g e  o f  t h e  m y o f ib r e s  -were a l^ o  
o b se r v e d  a t  th e  n e c r o t i c  f o c i  c a u se d  b y  p r o g r e s s i v e  l o s s  o f  
m y o f lb r e  parenchym a ( r t y o f i b r i l s  and sa r c o p la s m )*  A reas o f  
m y o f lb r e  d i s o r g a n i s a t i o n  w ere  a l s o  c h a r a c t e r i z e d  by numerous 
s i n g l e  r o w s ,  and a g g r e g a t io n s  o f  h y p e r c h r a n a t ic  m y o n u c le i ,  
and p y k n o t i c  n u c l e i .  The a r e a  o f  n e c r o s i s  ^Tere d i s t r i b u t e d  
r a n d o n ly  -tiiroughout t h e  s t r i a t e d  m u s c u la tu r e  of th e  b o d y .
The buJJc o f  h e p a to p a n c r e a s  i s  ccmposcd o f  a l a r g e  
number o f  b l in d - e n d e d  f i n g e r  l i k e  tubules, the v^alls o f  
w h ic h  w ere  composed o f  a  s im p le  e p i t h e l i u m  w hich  c o n ta in e d  
4 t y p e s  o f  e p i t h e l i a l  c e l l s ,  c o r r e s p o n d in g  t o  t h e  c l a s s i f i ­
c a t i o n  o f  E—,  B—,  F—,  u se d  by  H ir s c h  & J a c o b s  ( 1 9 3 0 ) ,
Only tw o  t y p e s  o f  e p i t h e l i a l  c e l l s  v ^ re  c l e a r l y  o b serv ed  
i n  t h e  poresent s t u d y ,  th e  s e c r e t o r y  c e l l s  ( F - ,  B- c e l l s ) ,  
w h ic h  a r e  v e r y  la r g e  and h i g h l y  b a s o p h i l i c  and t h e  ^ s o r p t i v e  
c e l l s  ( ^ c e l l ) .  S e c r e t o r y  c e l l s  a r e  v e r y  p rom inent and were  
s e e n  t o  c o n t a in  one car tw o la r g e  v a c u o l e s .  A b so r p t iv e  c e l l s  
w ere  lo n g  and narrow i n  sh a p e  and ap peared  t o  b e  'S q u eezed '  
b e tw e e n  o t h e r  c e l l  t y p e ,  b u t  e x te n a e d  t h r o u h g o i t  th e  t h i c k n e s s  
o f  t h e  e D i t h e l iu m ,
No s i g n i f i c a n t  h i s t o l o g i c a l  c h a n g e s  \ ^ r e  o b se r v e d  In  
t h e  h e p a to p a n c r e a s  o f  prawns s u b j e c t e d  t o  s t r e n u o u s  p h y s i c a l  
e x s r c i s e , e x c e p t  an e x t e n s i v e  v a c u o l a t i o n  i n  t h e  e p i t h e l i a l  
o e l l s  o f  t h e  ttahule*  F ro zen  s e c t i o n s  o f  h e p a to p a n cr e a s  
o f  n orm al and s t r e s s e d  p raw n s, s t a i n e d  w i t h  o i l  r e d  shewed  
a lm o s t  s i m i l a r  p a t t e r n  i n  t h e  d i s t r i b u t i o n  o f  l i p i d  in  th e  
h e p a to p a n c r e a s •
F l g . J .  • l o n g i t u d i n a l  s e c t i o n  o f  abdom in al m uscle l  
o f  norm al pravn* H&E X400
[. h  I j  { L f Q  I
S i m .
F lg«  O • U  S. o f  ab dom inal m u sc le  o f  30 m inute  
s t r e s s e d  prawn show ing s w o l le n  n a tu re  
o f  m u s c le  f i b r e s .  H&E X400
WJk
■S V
F i c ,  3  .  H igh er  m a g n i f i c a t i o n  o f  f i g u r e  2 .  Note
t h e  l o s s  o f  c r o s s - s t r i a t l o n s .  H&E XIOOO,
1, • Photom icrograph shov.dng m y o f ib r i l la r  
d is o r g a n is a t io n .  x400
A
F ig .  2» . T.C. o f  opaque aboorrdnal m uscle shox-dng 
oedsmatous c o n d it io n  o f  muscl<s> t i s s u e . '  
H&cE X400.
F ig . 3  • Cross s e c t io n  o f  the opaque area o f
abdominal m uscle shovdng degen eratin g  
m uscle t i s s u e  surrounded by normal muscle] 
H&E X400.
F ig .  1
F io9 - 2
m in u tes  
g l a s s  
X400.
P h o to m icro g ra p h  showing i n t e n s e  i n f i l t ­
r a t i o n  o f  h a em o cy tes  (KC) a t  th e  n e c r o t i c  
f o c i .  H£iE XIOOO.
i f
F io ,  3  ,  N ote  th e  f o c a l  a g g r e g a t io n  o f  h aem ocytes  
i n  n e c r o t i c  m y o f ib r e s .  H&E x400 .
Fic* ,  C ross s e c t i o n  through  h e p c ito p a n c r ea tic
tu b u le  o f  s t r e s s e d  prav-m shovri.no e x t e n s i v e  
v a c u o l a t i o n  i n  thr  t u b u le .  H&E X400.
r i c .  Z  • H igh er  r n a g n i f i c a t io n  o f  Fig* 1 
H Si ' XIOOO.
D I S C U S S I O N
I t  i s  a  w e l l  Icnown f a c t  t h a t  h a n d l in g  and o th e r  
s t r e s s  c a u s i n g  p r o c e d u r e s  I n v o lv e d  i n  a q u a c u l tu r e  a l t e r  
th e  b a s a l  m e t a b o l i t e  l e v e l  o f  a n im a ls  (B * rto n  ^  1 9 8 0 ) ,
The tra u m a  a s s o c i a t e d  w i t h  a q u a c u ltu r e  t e c h n iq u e s  and th e  
a d v e r s e  c o n d i t i o n s  o f  i n t e n s i v e  c u l t u r e  s y s te m  h a v e  been  
e v a l u a t e d  b y  th e  m easu rem en t o f  v a r io u s  b i o c h ^ i c a l  s t r e s s  
r e s p o n s e s  (Vfedemeyer 1982; Schrecik 1 9 8 1 ) ,  The b lo c h B m ic a l  
v a r i a b l e s  m ea su red  i n c l u d e  c i r c u l a t i n g  l e v e l s  o f  c o r t i c o ­
s t e r o i d  h orm ones, g l u c o s e ,  l a c t i c  a c i d ,  l i p i d s ,  p r o t e i n s ,  
e l e c t r o l y t e  and l i v e r  g ly c o g e i i .  Changes i n  t h e s e  v a r i a b l e s  
seo^ve a s  i n d i c a t o r s  o f  th e  a d v e r s e  co n se q u en ce  o f  s t r e s s o r s ,  
(w ed em eyer  and Y a s u t ^ e  1977; ;-fedemeyer & M cleay 1 9 8 1 ) ,  
M c n i t o r in g  o f  b io c h e m ic a l  s t r e s s  i n d i c e s  i n  c u l t u r e d  f i s h  
and s h e l l f i s h  c a n  b e  u s e f u l  f o r  e v a lu a t in g  t h e  trauma  
a s s o c i a t e d  w i t h  d i f f e r e n t  c u l t u r e  p r o c e d u r e s  and system *
C a r b o h y d r a te s  p r e s e n t  i n  t h e  b lo o d  and m u sc le  s e r v e  
a s  t h e  im m ed ia te  s o u r c e  o£ e n e r g y  f o r  m u scu la r  work# 
I t e y e r h o f  and Ix^hman (1 9 2 8 )  d em o n str a te d  th e  o v e r a l l  
c o n v e r s i o n  o f  g l y c o g e n  t o  l a c t i c  a c id  In  c r u s ta c e a n  m uscle*  
L a t e r  worlc ijro^ed  t h a t  g l y c o l y s i s  i s  the  m ain r c u t e  o f  
g l u c o s e  d e g r a d a t lc m  In  C r u s ta c e a  (H«^ 1958; Hochachka e £  
1 9 6 2 ;  McWhlnne e ^  .a l*#  1962; H u g g in s ,  1966)»  The i n f l u e n c e
o f  s t r e s s o r s  on  c a r b o h y d r a te  m e ta b o l ism  In f i s h  has  
r e c e i v e d  c o n s i d e r ^ l e  a t t e n t i o n  (Wedemeyer & McLeay, 1 9 8 l ) ,
I n  r e c e n t  y e a r s  a g r e a t  d e a l  o f  i n t e r e s t  h a s  b e e n  
c e n t e r e d  arcxind t h e  p o s s i b l e  u s e  o f  b lo o d  su g a r  l e v e l  as 
an i n d i c a t o r  o f  v a r i o i s  form s o f  s t r e s s *  A cco rd in g  t o  
L ove ( 1 9 8 0 ) ,  th e  m o s t  c h a r a c t e r i s t i c  g e n e r a l  r e s p o n s e  t o  
s t r e s s  f r o n  w h a te v e r  s o u r c e ,  i s  a  pronounced r i s e  in  b lo o d  
s u q a r  l e v e l ,  w h ich  so& ns  t o  o c c u r  v/henever th e  p h y s i c a l  
a c t iv i t ' , ' -  e x c c e d s  w h a t i s  norm al f o r  th e  a n im a l.  The r i s e  
i n  b l o o d  su o a r  l e v e l  r e s u l t i n g  from  s t r e s s  h a s  now b een  
t h o r o u g h ly  d o cu m e n te d . E v i d e n t l y ,  an in^'rease i n  b lo o d  
g l u c o s e  l e v e l  s e r v e e  a s  a s e n s i t i \ «  i n d i c a t o r  o£ many ty p e s  
o f  u n f a v o u r a b le  e n v ir c r a n e n ta l  c o n d i t i o n s ,  such as cap tu re  
( v /a r d le ,  1 9 7 2 ) ,  h a n d l i n g  ( P i c k e r i n g  ejfc 1 9 8 2 ) ,  t r a n sp o ­
r t a t i o n  (H u t t in g h  1 9 7 6 )*  Tandcn and J o s h i  (1 9 7 3 )  shewed
?
t h a t  t h e  b lo o d  g l u c o s e  l e v e l  i n  H s t e r c y e u s t e s  f o s s i l l s
A /
i n c r e a s e d  r a p i d l y  f o e  t h e  f i r s t  tw o  h ou rs a f t e r  s t r e s s  and 
r o s e  t o  1 9 0 % o f  p r e - s t r e s s  v a l u e ,  and f u r t h e r  th e y  found  
t h a t  t h i s  h y p e r g ly c e m ia  r e t u r n e d  t o  norm al a f t e r  24 h o ira  
o f  r e c o v e r y .  In v e s t ig a t io n --^  h ave  b e e n  made t o  show t h a t  
0 ^02T c is e  u n c o n n e c t f ^  w i t h  a s p h y x i a l  co n '- llt io n  can  a l s o  
c a u s e  a  r i s e  i n  b lo o d  s u g a r  (K e lr m e ir ,  1939; Dean, 1 9 6 2 ) .  
v/hen e x e r c i s e  i s  t o o  s tr e n u c x is  or l a s t s  t o o  lo n g  th e  b lo o d  
s u g a r  c a n  r i s e  t o  h ig h  v a l u e s .  The work o f  S ib e r g e ld
( 1 9 7 4 )  s u g g e s t s  t h a t ,  th o u g h  th e  b lo o d  su g a r  l e v e l  i s  a 
s e n s i t i v e  i n d i c a t o r  o f  e n v ir o r a n e n ta l  and o th e r  s t r e s s ,  
o t h e r  f a c t o r s  a re  a l s o  I n v o lv e d  i n  a  r i s e  o f  b lo o d  su g a r  
and t h e r e f o r e  t h e  f i n d i n g s  s h o u ld  b e  u sed  and i n t e r p r e t e d  
w i t h  c a r e .
A r i s e  in  haemoliTnph g l u c o s e  o b se r v e d  i n  t h e  p r e s e n t  
s t u d y  i n  P ,  i n d i c u s  Im m e d ia te ly  a f t e r  s t r e n u o u s  p h y s i c a l  
e x e r c i s e  and d e c l i n e  t o  norm al v a l u e s  a f t e r  24 h o u rs  o f  
r e c o v e r y  c o r r o b o r a t e s  v ; e l l  v ; ith  t h e  f i n d i n g s  o f  e a r l i e r  
woclcGrs i n  b o t h  f i s h e s  and c r u s t a c e a n s  (K e ir m e ir ,  1939?
U ean  1 9 6 2 ) .
i h e  e l e v a t e d  l e v e l s  o f  b lo o d  g l u c o s e  may be d ue t o  
i n c r e a s e d  b a s a l  m e t a b o l i c  r a t e  d t ir in g  s t r e s s  c o n d i t i o n s  and, 
f u r t h e r  d e g r a d a t i o n  o f  h e p a to p a n c r e a S  or m u s c le  g ly c o g e n .  
Uraminger and G i s t  ( I 9 7 l )  showed t h a t  s t r e s s  due t o  i n j e c t i o n  
i n  C a r a s s i u s  a u r a t u s  r e s u l t e d  in  an in c r e a s e d  serum  g lu c o s e  
and 1  d e c l i n e  in  t h e  l i v e r  and masc3£: g l y c o ^ n .  M ayashi and 
O os>;tro (1 9 7 5 )  showed t h a t  t h e  em ergen cy  hormone a d r e n a l in e  
i s  c  ! s e l y  c o n c e r n e d  w i t h  th e  s t r e s s  e f f e c t s  i n  b lo o d  g lu c o s e  
and i t s  i n j e c t i o n  i n t o  / ^ o u i l l a  1 a p o n lc ^  s t i m u l a t e s  g ly c o g e -  
fiQlygjjg in  th e  l i v e r *  They p o i n t e d  o j .t  t h a t  t h i s  r e s p o n s e  
w o u ld  p r o v id e  f c r  th e  i n c r e a s e d  g l u c o s e  s u p p l i e s  needed  
d u r i n g  t h e  i n c r e a s e d  m u sc u la r  a c t i v i t y *
i o
The r e s u l t s  o f  t h e  p r e s e n t  s tu d y  in d i c a t e d  t h a t  th e  
m e t a b o l i s m  o f  m usc lB  g ly c o g e n  i n  P« in d ic u s  i s  e x tr e m e ly  
r a p i d *  A m ore th a n  50% r e d u c t i o n  i n  m u sc le  g ly c o q e n  can  
b e  s e e n  a f t e r  3 0  m in u t e s  o f  s t r e n u o u s  p h y s i c a l  e x e r c i s e .  
P r o b a b ly  t h i s  m e ta b o l i s m  p r o v id e s  most# i f  n o t  a l l ,  o f  t b s  
e n e r g y  r e q u ir e m e n t  f o r  s e v e r e  m u scu la r  a c t i v i t y #  Many o f  
t h e  e a r l i e r  s t u d i e s  on f i s h e s  and c r u s ta c e a n  showed s i m i l a r  
r e s u l t s  (Blacik ^  a l » ,  1959; P r ic h a r d  & Eddy 1979; Onnen 
& Zebe 1 9 8 3 ) .  S t u d i e s  on t h e  p h o s p h c c y la s e s  o f  f i s h  m u sc le  
b y  C o r d ie r  & G^jrdier (1 9 5 7 )  and Ono and Nagayana (1957)  
shoi^ed t h a t  a l l  t h e  enz'Tnes n e c e s s a r y  t o  c o n v e r t  g ly c o g e n  
r a p i c l y  t o  l a c t i c  a c id  a r e  p r e s e n t  in  th e  s k e l e t a l  m u sc le  
and o t h e r  t i s s u e s ,  i^rummond & B la ck  (195 0) showed th a t  
th o u g h  f i s h e s  d ep en d  on o th e r  e n e r g y  s o u r c e s  su c h  as p r o t e i n  
and l i p i d  a t  t im e s  l i k e ,  d ; in g  spaw ning  m ig r a t io n ,  th e  
Jm inediate s o u r c e  o f  f u e l  ak t h e  c e l l u l a r  l e v e l ,  p a r t i c u l a r l y  
f o r  b u r s t  o f  s t r e n u o u s  a c t i / i t y  may s t i l l  be  th e  m uscle  
g ly c o g e n *  The m e ta b o l i s m  o f  l i p i d  and p r o t e i n  i s  e s s e n t i ­
a l l y  a s lo v ;  p r o c e s s ,  h a r d ly  r a p id  encugh  f o r  sudden s p u r t s  
o f  m u s c le  c o n t r a c t i o n *
S t u d i e s  conductejd  by B la ck  (1 9 5 9 )  on ra in b o w  trex it  
S a lm o o a i r d n e r i ,  shov.'ed a r a p id  d e p l e t i o n  o f  m u sc le  g ly c o g e n  
Im m e d ia te ly  a f t e r  e x e r c i s e *  ^be l e v e l  became one h a l£  th e  
r e s t i n g  l e v e l  a f t e r  2 m in u te s  o f  s t r e n u o u s  a c t i v i t y .
- ^ s t o i r a t i o n  o f  g ly c o g e n  a f t e r  24 h ou rs o f  rG covery  was 
s l o i ;  and i n c o n p l e t e ,  A s i m i l a r  s i t u a t i o n  h a s  b een  
d o c v m c n te d  i n  t h e  P l a i c e  (v ;a rd le ,  1 9 6 7 ) .
'I'eal and C arey  (196 7) showed a c c u m u la t io n  of  
l a c t a t e  and c o n c u r r e n t  u t i l i s a t i o n  o f  g ly c o g e n  i n  th e  
m arsh  c r a b  U ca  p u g l l a t o r  u n d er  c o n d i t i o n s  o f  h y p o x ia .  But 
P r ic h a r d  U Eddy ( l 9 7 9 )  c o u ld  n o t  f i n d  any s i g n i f i c a n t  
d e p l e t i o n  i n  m u s c le  g ly c o g e n  i n  t h e i r  s t u d i e s  on two 
s p e c i e s  o f  mud d w e l l i n g  sh r im p , C a l l i a n a s s a  c a l i f o r n i e n s i s  
P^g^’t t e n s i s  e x p o se d  t o  a n o x ia .
The r e s u l t s  o f  t h e  p r e s e n t  s tu d y  have shown t h a t  
Z* ^ n d ic u s  a c c u m u la te s  l a c t a t e  a s  a  r e s u l t  o f  c o n tin u o u s  
p y i y s i c a l  e x e r c i s e ,  and I n d i c a t e  t h a t  a n a e r c ^ ic  m eta b o lism  
s u p p l l m e n t s  o r  r e p l a c e s  a e r c to ic  e n e r g y  p r o d u c t io n  under  
t h e s e  c o n d i t i o n s .  A c o n p a r is o n  o f  th e  r a t e  o f  l a c t a t e  
a c c u m u la t io n  d u r in g  s t r e s s  c o n d i t i o n  i n  P . I n d ic u s  w ith  
v a l u e s  r e p o r t e d  b y  o t h e r  wcarkers (P r ic h a r d  & Kddy, 1979;  
S p o t t s  & l u t z ,  1 9 8 0 )  f o r  o t h e r  d eca p o d s  i s  d i f f i c u l t ,  due 
t o  d i f f e r e n c e s  i n  e x p e r im e n t a l  p r o c e d u r e  and a  la ck  of  
r e l a t e d  d a t a .
/ ic c u m u la t lo n  o f  v a 3 t  q u a n t i t i e s  o f  l a c t a t e  In m uscle  
and b lo o d  d u r in g  and a f t e r  p h y s i c a l  e x e r c i s e  was w e l l
d o cu m e n ted  In  f i s h e s  (B la c k ,  1 9 5 9 j Parker & B la ck  1959; 
B la c k  I9 6 0 ;  l e l v e c t a d  e t  a l . »  1957)*  F i s h  under
s t r e s s  c o n d i t i o n s  a r e  knov'/n t o  be c a p a b le  o f  undergoinf^  
a n a e r c b i c  m e ta b o l i s m ,  a c c u m u la t in g  m e t a b o l ic  end  pra^:uct:s 
w h ic h  a r e  h i g h l y  a c i d i c  (K u tty ,  1 9 7 2 ) ,  E x t e n s iv e  s tu U io s  
t y  B la c k  and h i s  c o l l e a g u e s  w ith  s e v e r a l  s a ^ o n i d  s p e c i e s  
h a v e  show n t h a t  m u s c le  g ly c o g e n  r a p i d l y  m c fe i l iz e d  dvirim  
e x e r c i s e  and t h a t  s i o b s t a n t i a l  amounts o f  l a c t a t e  appear  
I m m e d ia te ly  i n  t h e  m u s c le ,  (B la ck  e t  a l , ,  1 9 5 9 , 19^0.,
1 9 6 1 /  P a rk er  & B la c k ,  1 9 5 9 ) .  S 'o llo w in g  the  c e s s a t i o n  o f  
e x e r c i s e ,  l a c t a t e  d i f f u s e s  s l o w l y  from t h e  m u sc le  r e s u l t i n g  
i n  a  p r o lo n g e d  e l e v a t i o n  o f  t h e  b lo o d  l a c t a t e  c o n c e n t r a t io n  
l a s t i n g  more than  12 h ours I f  e x e r c i s e  was s e v e r e  (B lack  
e t  1 9 6 1 ) .
A lth o u g i i ,  in  g e n e r a l ,  a ten d a n c y  t o  form l a c t a t e  i s  
much l e s s  i n  i n v e r t e b r a t e  t i s s u e s  compared t o  v e r t e b r a t e s  
(Hammen, 1 9 6 9 )#  t h e r e  i s  e v id e n c e  t h a t  c r u s t a c e a n s  accumu­
l a t e  l a c t a t e  u n d e r  s t r e s s  c o n d i t i o n s .  T e a l  and Carey (1 9 6 7 )  
shov;ed a c c u m u la t io n  o f  l a c t a t e  and c o n c u r r e n t  u t i l i z a t i o n  of  
g l y c o q c n  in  m arsh c r a b  Uca o u a i la tc a :  under c o n d i t i o n s  o f  
h y p o x i a .  P h i l i p s  (1 9 7 7 )  showed t h a t  in  v a r io u s
c r u s t a c e a n s ,  l a c t a t e  i s  p ro d u ced  d u r in g  e x e r c i s e .  L a c ta te  
b u i l d  u p  a s  a  r e s u l t  o f  e x e r c i s e  h a s  b een  o b ser v e d  in  t h e  
s tx ' ip o d  s h o r e  c r a b  P achyorar)sus cra ss ip es^  (D en d iger  a i^  
G c h a t z l e i n ,  1 9 7 3 ) ,  S p o t t s  and l u t s  ( i 9 6 0 ) sha-Jed a la r g e
and r a p i d  a c c u m u la t io n  o f  l a c t i c  a c id  durincj a c t i v i t y  
s t r e s s  in  two c a r m e r c i a l l y  im p o r ta n t  sh r im p s , Penaeus  
du o r  arum and Hacr obr achium r o s e n b e r a l l .  L a c t i c  a c id  
a c c u m u la t io n  a s  a  r e s u l t  o f  l ^ o r a t o c y  e x p o su r e  t o  
a n o x ia  w as ex a m in ed  in  tw o s p e c i e s  o f  mud dv7e l l i n g  
sh r im p ,  th e  g h o s t  sh r im p  C a l l  ia n a s s ^  c a l i f o m i e n s  i s  and 
t h e  mud sh r im p  U p o o e b ia  ru  g e t  t e n s  i s ,  (P r ic h a rd  & Eddy,
1 9 7 9 ) .
The p r e s e n t  s tu d y  a l s o  shovred the  same tr e n d ,  a 
r i s e  i n  haemolymph and m u sc le  l a c t i c  a c id  im m ed ia te ly  
f o l l o ^ / i n g  s e v e r e  m u sc u la r  a c t i v i t y .
The b lo o d  l e v e l  o f l a c t a t e  d u r in g  and a f t e r  e x e r c i s e  
r e f l e c t  m u s c le  c c n c e n t r a t i o n s ,  A lth a jg h  produced in  m u sc le  
t i s s u e  t h e y  s e e p  i n t o  th e  haemolymph, o f t e n  c a u s in g  a drop  
i n  j^lood pH (B lac>:, 196 0 ) ,  P o l lo w in g  e x e r c i s e  t h e  l a c t a t e  
d i f f u s e s  s l o w l y  f r o n  t h e  m u sc le  r e s u l t i n g  i n  a p ro lo n g ed  
e l e v a t i o n  o f  b lo o d  l a c t a t e  c o n c e n t r a t io n  l a s t i n g  more than  
12 h o u r s  i f  t h e  e x e r c i s e  v:aE s e v e r e .
L a c t a t e  c o n c e n t r a t i o n  was alv7ays h ig h e r  in  m uscle  
t h a n  i n  th e  haemolymph ( P h i l i p s  ^  1 9 7 7 ) .  ^ e  p r e s e n t  
s t u d y  showed a t h r e e  f o l d  i n c r e a s e  in  m u sc le  l a c t a t e  
c o n c e n t r a t i o n  a f t e r  30 m in u te s  o f  s tr e n u o u s  e x e r c i s e ,  ^ d  
t h e  l e v e l  showed a f u r t h e r  i n c r e a s e  in  5 0 m in u te s  e x e r c i s e d
p r a v m s ,  M ttscle  l a c t a t e  c o n c e n t r a t io n  d e c l in e d  s lo w ly  ttpon 
c e s s a t i o n  o f  e x e r c i s e  ancx reachecJ a lm o st  normal l e v e l  
a f t e r  24 h o u r s  . o f  r e c o v e r y #
K a r ls  on (1 9 6 5 )  p o in te d  c u t  t h a t  l a c t i c  a c id  Is  
p r o d u c e d  u n d er  s t r e s s  c o n d i t i o n s  b e c a u se  o f  a s w itc h  from  
a e r c b i c  t o  l e s s  e f f i c i e n t  anaercADlc g l y c o l s  i s  w hich i s  
r e q u i r e d  t o  m a in t a in  th e  p r o d u c t io n  o f  ATP, An in c r e a s e  in  
t h e  l a c t i c  a c i d  c o n c e n t r a t io n  i n  t h e  m u sc le  and haQT^olvmph 
a f t e r  c o n t i n u a i s  s t r e s s  as c c n p ir e d  t o  c o n t r o l  can be e x p l a ­
in e d  on th e  b a s i s  oZ  g ly c o g e n  m e ta b o l is m , D u rin g  in te n s e  
m uG culor a c t i v i t y  t h e  m o t a b c l i c  r a t e  a l s o  in c r e a s e s  and may 
e x c e e d  th e  a n im a ls  a b i l i t y  t o  consuine o x y g en . At su ch  
t i m e s  t h e  m u s c le  t i s s u e s  r e s o r t  t o  a n a e r o b ic  p r o d u c t io n  of  
e n e r g y ,  a c c u r r u la t in g  m e t a b o l i c  en d  p r o d u c ts  w h id i are  o f t e n  
h i g h l y  a c i d i c ,  A lthcxigh  many end p r o d u c ts  o f  a n a er o b ic  
m e ta b o l is m  a re  p o s s ib l e ^  l a c t i c  a c id  i s  th e  m ost im portan t  
en d  p r o d u c t  i n  c r u s t a c e a n s ,  a s  in  f i s h  and marrmals,
A s lo w  r e t u r n  o f  b lo o d  l a c t a t e  c o n c e n t r a t io n  t o  
r e s t i n g  l e v e l s  a f t e r  s e v e r e  e x e r c i s e  i s  c h < ? r a c t e r i s t ic  o f  
many cJTustaccan sp-^ciGS ( P h i l i p s  e t  a l , /  1 9 7 7 ) ,  The 
m e t ^ o l i c  f a t e  o f  a ccu m u la ted  l a c t a t e  in  d ecap od s i s
u n q e r t a i n ,  f o r  a l t h o u g h  z s b e  (198'?) found t h a t  sane l a c t a t e
/
wa^ e x c r e t e d  by U p o g e b ia  p u g e t t e n s i s  d u r in g  e x p o su r e  t o
a n o x i a ,  t h e r e  I s  c u r r e n t l y  no  e v lx ie n c e  t o  i n d i c a t e  tha't 
l a c t a t e  i s  e x c r e t e d  b y  d e ca p o d s  d u r in g  r e c o v e r y  p e r io d  
( B r i d g e s  and B ran d , 1 9 8 0 ) ,  T h ere  i s ,  how ever, seme e v id e n c e  
t h a t  l a c t a t e  i s  c o n v e r t e d  i n t o  g l u c o s e ,  s i n c e  g ii^ oneogen c^ S ls  
f r c m  l a c t a t e  h a s  b e e n  d e m o n s tr a te d  i n  t h o  A u s t r a l ia n  y a b b le ,  
C h ^ a x  d e s t r u c t o r  ( P h i l i p s  e t  a l , ,  1977)*
A l t h a i g h  a nuihber o f  s t u d i e s  h ave  b een  d i r e c t e d  tCT’ords  
s t u d y i n g  t h e  o c c u r r e n c e  and d i s t r i b u t i o n  o f  t h e  v a r io u s  
c l a s s e s  o f  l i p i d  s u b s t a n c e s  i n  c r u s t a c e a ,  k n ow led ge  o f  t h e i r  
l i p i d  d i s t r i b u t i o n  u n t i l  r e c e n t l y  was l i m i t e d .
Though t h e  l i p i d s  a r e  p o w e r f u l  s o u r c e s  c f  e n e r g y ,  th e y  
a r e  n o t  u t i l i z e d  f o r  t h e  p r o d u c t io n  o f  e n e r g y  f o r  im mediate  
m u s c l e  c o n t r a c t i o n ,  m a in ly  b e c a u s e  o£ t h e  f a c t  t h a t  m eta b o lism  
o f  l i p i c i s  i s  s l o w e r  when ccm pared t o  c a r b o h y d r a te s .
i^ n a u d  (1 9 4 9 )  m easured  t h e  c h a n g e s  in  c a r b o J ^ d r a te s ,  
l i p i d s  and p r o t e i n  o f  Cancer p a o u ru s  u n d er  a  v a r i e t y  o f  corw  
d i t i o n s .  The r e s u l t s  o f  h i s  worlc l e d  Vonk ( i 9 6 0 )  t o  co n c lu d e  
t h a t  c r u s t a c e a n  m e ta b o l is m  i s  m a in ly  c e n te r e d  a r o in d  g ly c o g e n  
and f a t t y  a c i d s ;  b u t  t to i th e r  g ly c o g e n  (I fe i la n d  and S ch eer ,  
1 9 5 3 )  n o r  l i p i d  l e v e l s  (Monn, 1 9 6 3 )  appear t o  b e  s e n s i t i v e  
t o  s t a r v a t i o n  o v e r  p e r i o d s  o f  s e v e r a l  w e ^ s .  T here Sfi how ever  
e v i d e n c e  t h a t  f a t t y  a c i d s  are  r e a d i l y  a v a i l a b l e  ( o x id iz e d )  
t o  r e s p i r a t o r y  c a r b o n d io x id e  or  in c a r p o r a t e d  i n t o  U p id  
s t i b s t a n c e s  b y  c r u s t a c e a n s *
TClie e f f e c t  o f  s t r e s s  on H p i d  m eta b o lism  I s  f a r  f r a n  
c l e a r .  R e c e n t ly  m ore a t t e n t i o n  h a s  b een  p a id  t o  l i p i d  
m e t a b o l i s m  i n  f i s h .  T h is  e n t a i l e d  r e s e a r c h  on th e  e f f e c t  
o f  s t r e s s  on t h e  f r e e  f a t t y  a c id  in  th e  b lo o d  p la sm a .  
S t u d i e s  on r a in b o w  t r o u t ,  Sa3mo g a i r d n e r i  showed t h a t  th e r e  
i s  s l i g h t  i n c r e a s e  i n  f r e e  f a t t y  a c i d  c o n c e n t r a t io n  im n « d i-  
a t e l y  a f t e r  20  m in u t e s  o f  h y p o x ia  (Mazeaud ^  1 9 7 7 ) ,
In  a n o th e r  f r e s h  w a te r  t e l e o s t ,  th e  c a rp , two h o u rs  o f  
h y p o x ia  l e d  t o  a  p ron ou n ced  d e c r e a s e  in  f r e e  f a t t y  a c i d s .  
The s a n e  a n im a ls ,  when th e y  w ere  su b m itte d  t o  fo r c e d  swijnirv- 
in g  u n t i l  e x h a u s t i o n  o c c u r r e d ,  show ed a s i m i l a r  d e c r e a s e  o f  
f r e e  f a t t y  a c i d s .  The r e a s o n  f o r  t h e s e  r e s u l t s  i s  n o t  y e t  
known (M azecurd e t  a l , ,  1 9 7 7 ) ,
The p r e s e n t  i n v e s t i g a t i o n  showed a  d e c r e a s e  i n  t o t a l  
l i p i d  l e v e l  i n  b o t h  m u sc le  and haemoJIymph, Im m ediate ly  
a f t e r  3 0  and 5 0  m in u te s  o f  e x e r c i s e .  I t  msy b e  t h a t  prawns 
u t l l i i ^ c  l i p i d s  f o r  th e  e n e r g y  p r o d u c t io n  when t h e i r  carb o ­
h y d r a t e  r e s o u r c e s  a r e  u s e d  u p ,  S in c e  th e r e  a re  n o  o th er  
s t u d i e s  r e l a t i n g  s t r e s s  and l i p i d  l e v e l  i t  i s  prem ature  
t o  s a y  t h a t  l i p i d s  a r e  u t i U z e d  f o r  th e  p r o d u c t io n  o f  
e n e r g y ,  d u r in g  s t r e n u o u s  a c t i v i t y .
P r o t e i n s  a r e  r e l a t i v e l y  abundant c o n s l s t u e n t s  o f  
c r u s t a c e a n s ,  T hs  c a t a b o l i s m  o f  p r o t e i n s  and amino a c id s
c a n  s e r v e  a s  a  s i g n i f i c a n t  s o u r c e  o f  m e t a b o l i c  en erg y  
s i n c e  t h e y  a r e  t h e  m a jo r  c o n s t i t u e n t s  o f  c r u s t a c e a n  t i s s u e ,
At p r e 3 e n t  t h e r e  i s  n o  c l e a r  e v i d e n c e  t o  d e c id e  w hether t h e  
b a s i c  e n e r g y  r e q u ir e m e n ts  o f  c r u s t a c e a n s  w «rem et p r e d o n in -  
a n t l y  b y  e i t h e r  c a r b o h y d r a t e s ,  p r o t e i n  cb: l i p i d .  S in c e  
t h e  m e ta b o l i s m  o f  p r o t e i n  and l i p i d  a r e  r e l a t i v e l y  s le w ,  t h e y  
u s u a l l y  d o  n o t  s e r v e  a s  th e  im m ed iate  so u rc e  o f  e n e r g y  fo r  
m u s c u la r  a c t i v i t y .
S t u d i e s  c o n d u c te d  on th e  e f f e c t  o f  s t a r v a t i o n  on  
p r o t e i n  m e ta b o l i s m  c o n f ir m ed  t h a t  p r o t e i n s  a r e  c a t a b o l i s e d  
t o  m e e t  th e  o r g a n ism s  n e e d .  S t a r v a t i o n  s t u d i e s  on cray  
f i s h  l im o s u s  r e d u c e d  t o t a l  b o d y  p r o t e i n  by o n ly  2% a f t e r  
15 d a y s  and by 11% a f t e r  4 1  d a y s .
S t u d i e s  on f i s h e s  showed t h a t  n i t r o g e n  m e ta b o lism  i s  
m ore I n t e n s i ' / e  d u r in g  f o r c e d  a c t i v i t y .  The t o t a l  p r o t e in  
i n  t h e  rerum i n c r e a s e s  (K o n d r a t ie v a ,  1978) I n  Trachorus  
t r a c h u r u s ,  w h i l e  f r e e  am ino a c i d s  are  consumed and d e c r e a s e d  
s i g n i f i c a n t l y  (M eh rle  e t  g^ l,^ 1 9 7 1 ) ,
The r e s u l t s  o f  t h e  p r e s e n t  s tu d y  d id  n o t  show any 
s i g n i f i c a n t  ch a n g e  in  t h e  t o t a l  p r o t e i n  c o n t e n t  o f  haemolymph 
and m u s c l e .  P r o t e i n  c o n t e n t  b e f o r e  and a f t e r  e x e r c i s e  
r e m a in e d  a lm o s t  sa m e .  S t a t i s t i c a l  a n a l y s i s  a l s o  proved t h a t  
t h e r e  I s  no  s i g n i f i c a n t  d i f f e r e n c e  b e tw e en  norm al, s t r e s s e d ,  
and s t r e s s  r e c o v e r e d  prawns*
J.
In  th e  p r e s e n t  s t u d y ,  m u s c le  o p a c i t y  was cibserved In  
t h e  a b d o n in a l  s e g m e n ts  o f  s t r e n u o u s l y  eao erc ised  praw ns,
Among p c n a e id  praw ns t h i s  m u sc le  o p a c i t y  i s  v a r i o u s l y  known 
a s  s p o n t a n e o u s  m u s c le  n e c r o s i s ,  m u s c le  n e c r o s i s ,  I d e c p a t h ic  
m u s c le  n e c r o s i s ,  e t c .  E a r l i e r  s t u d i e s  shov;e:a t h a t  m u sc le  
n e c r o s i s  i s  r e l a t e d  t o  e n v ir c n m e n ta l  s t r e s s o r s  in c lu d in g  
e x t r e m e s  and su d d e n  f l u c t u a t i o n s  i n  s a l i n i t y ,  tem p era tu re ,  
d i s s o l v e d  o x y g e n , o v e r c r o w d in g ,  p h y s i c a l  h a n d l in g ,  h y p e r -  
a c t i v i t y ,  e x p o s u r e  t o  a i r  e tc *  C^igdon & B a x te r ,  1 9 7 0 |  
S in d r m a n n ,  1 9 7 7 ;  La)?shmi e ^  1978; L ig h tn e r ,  1 9 8 3 ) .
S u ch  a  s t r e s s  r e l a t e d  m u sc le  n e c r o s i s  h a s  b een  r e p o r te d  
e a r l i e r  in  p lsn a e id s  (R igdon  & B a x te r ^  1970; \tehkatara(miah 
1 9 7 1 ;  I d g h tn e r  1 9 8 3 ;  Lakshmi e t  ,al«^ 1978) and Macrcbrachium  
r o s e n b e r a i i  (N ash  e ^  1 9 8 6 ) ,  Hyper ^ a c t i v i t y  d u r in g
i n t e n s e  e x e r c i s e  may be th e  m ajor  c a u s e  o£ o p a i^ e  w h ite  
d i s c o l o u r a t i o n  o f  t h e  ab dom inal m u sc le  found in  £ •  i n d i c u s .  
They £oun3 t h a t  t h i s  c o n d i t i o n  i s  r e v e r s i b l e  in  i t s  e a r l i e r  
s t a g e s  i f  t h e  a d v e r s e  e n v ir o n m e n ta l  s t r e s s o r s  are  removed, 
o t h e r w i s e  x v i l l  l e a d  t o  d e a t h  i n  l a t e r  s t a g e s  < L ig h tn e r , 1983)
The m o r p h o lo g ic a l  and h i s t o l o g i c a l  ch a n g es  i n  m u sc le  
c b s e r v e d  in  t h e  p r e s e n t  s tu d y ,  a f t e r  s t r e n u o u s  p h y s i c a l  
e x e r c i s e  w ere s i m i l a r  t o  t h o s e  p r e v i o u s l y  d e s c r ib e d  in  
p e n a e id  and non rjen^^f^id prawns (R igdon & B a x ter  1970;
LaOcshmi e £  197e^,-^igdon & B a x te r ,  (1970) Lakshnl e t
(1 9 7 8 )  c b s e r v e d  m u s c le  o p a c i t y  I n  th e  d l s t a X  S e m i n a l  
se g m e n c s  o f  t h e  praw n, b u t  m u sc le  op aqueness was ctoserved  
i n  a l l  th e  a b d o m in a l se g m e n ts  a s  p a tc h e s  In  P* I n d lc u s * 
H l s t c ^ a t h o l o g i c a l  o b s e r v a t i o n  o f  t h e  n e c r o t i c  f o c i  r e v e a le d '  
e x t e n s i v e  m y o f ib r e  d e g e n e r a t io n  t y p i c a l  o f  n e c r o t i c  t i s s u e ,  
H i s c l e  c e l l s  in  t h e  n e c r o t i c  zo n e  e ^ d ilb lte d  v a r y in g  d e g r e e s  
o f  s t r u c t u r a l  d e g r a d a t io n  m a n i f e s t e d  as d i s o r g a n i s e d  myo­
f i b r i l s  and l o s s  o f  r e c o g n i z a b l e  s a r c a n e r e s *  M uscle c e l l s  
a p p e a r  s w o l l e n  a t  t h e  n e c r o t i c  f o c i .
B io c h e m ic a l  e s t i m a t i o n s  c a r r i e d  ou t in  th e  p r e s e n t  
s t u d y  shCT.-red a l a r g e  and r a p id  a c c u m u la t io n  o f  l a c t i c  a c id  
i n  th e  m u s c le s  o f  s t r e n u o u s l y  e :< e r c is e d  praT^ms, l ^ s c l e s  
a l s o  shov.’ed a r ^ i d  d e c r e a s e  i n  g ly c o g e n  c o n t e n t .  I n t e n s e  
m u s c u la r  a c t i v i t y  d u r in g  s t r e n u o u s  p h y s i c a l  e x e r c i s e  i s  
u s u a l l y  f o l lo w e d  b y  a  p e r io d  o f  red u ce d  a c t i v i t y  l e a d in g  
t o  c a n p l e t e  e ^ d ia u s t io n  and im m c fc i l i ty .  T h is  s t a t e  h a s  b een  
c o r r e l a t e d  w i t h  l a c t i c  a c id  a c c u m u la t io n  ( S p o t t s  & l u t z ,
1 9 8 0 ) ,  and w i t h  t h e  o c c u r r e n c e  o f  m u sc le  n e c r o s i s  in  
praw n s (Hash e t  a l , ,  1 9 8 6 ) ,  I* a c t ic  a c id  b e l iG v e d  t o  b e  
t h e  m a jo r  c a u s e  o f  p o s t  a c t i v i t y  a c i d o s i s  in  c r u s ta c e a n s  
( P h i l i p s  e t  1 9 7 7 )  and i s  shown t o  accum ulate
i n  m ore th a n  6 - f o l d  i n  h y p e r a c t iv e  Macrcbra.chimi r o s e n t e r c f i l  
( S p o t t s  & l u t z  1 9 8 0 ) .  I t  i s  shown t h a t  s t r e s s  induced  
h y p e r a c t i v i t y  a lw a y s  l e a d s  t o  m u sc le  h y p o x ia ;  t j i i s  and
t h e  a c o o m u la t lo n  o f  l a c t i c  a c id  d u r in g  a n a e r o b ic  g l y c o l y s i s  
w e r e  t h e  m o st  Im p o rta n t  s t e p s  I n  th e  m a n i f e s t a t i o n  o f  m u sc le  
n e c r o s i s *  D u r in g  I n t e n s i v e  m u sc u la r  a c t i v i t y ,  th e  m u sc le s  
r a p i d l y  consum e t h e  g ly c o g e n  r e s e r v e s  g e n e r a t in g  l o c a l  h e a t  
and e v e n t u a l l y  l a c t i c  acid^ b o th  o f  T ^ lch  Induce d e q e n e r a t lv e  
c h a n g e s  In  t h e s e  and a d ja c e n t  m u s c le  f i b r e s  o f  a l l  ty p e s  
( m i l a n d ,  1 9 5 5 ) .
I n f o r m a t io n  I s  g e n e r a l l y  m eagre r e g a r d in g  h i s t o l o g i c a l  
c h a n g e s  o b se r v e d  In  th e  h e p a tr tp a n c r e ^  o f  s t r e n u o u s ly  e x e r ­
c i s e d  p r a w n s ,  Nash e t  (1 9 8 5 )  o b served  pravms w ith  m u sc le  
n e c r o s i s  a d d i t i o n a l l y  d i s p la y e d  a p a u c i t y  o f  Dormal c y t o ­
p l a s m i c  f a t / g l y c o g e n  v a c u o l a t io n  o f  th e  hepatopancr^^atlc  
e p i t h e l i a l  c e l l s .  B e s id e s  t h e s e ,  so n s  o f  th e  c e l l s  a l s o  
show ed an i n c r e a s e d  b a s o p h i l i a ,  ro u n d in g  up and lu m in a l  
s l o u g h i n g  \ ^ i c h  l e d  t o  a f o c a l  to m u l t i f o c a l  t u b u la r  d i s o r ­
g a n i s a t i o n *  O b s e r v a t io n  o f  t h e  f r o z e n  s e c t i o n s  o f  h e p a tc v  
p a n c r e a s  o f  n orm al and s t r e s s e d  pravm s t a i n e d  w ith  o i l  red  
show ed  t h a t  t h e  d i s t r i b u t i o n  o f  l i p i d  d r o p le t s  are a lm o st  
s i m i l a r  I n  b o th  c a s e s .  E x c e s s iv e  v a c u o la t io n  ctoserved in  
h a e m a t o x y l in  and e o s i n  s t a i n e d  s e c t i o n s  o f  h ep a to p a n cre a s  
m ig h t  b e  th e  r e s u l t  o f  e x c e s s i v e  a c c u m u la tio n  o f  v;ater due  
t o  I n c r e a s e d  o s m o t ic  d i s t u r b a n c e s  d u r in g  s t r e s s e d  c o n d i t i o n .  
T h is  c o n d i t i o n  o f  a c c u m u la t io n  o f  w ater  In  t h e  c e l l s  i s  
known a s  h y d r o p ic  d e g e n e r a t io n  (J o n e s  & H in t ,  1933) •
The c a u s e  o f  t h i s  phenonenon i s  t h e  f a i l u r e  o f  i o n i c  pump 
m ech a n ism . C e l l s  a r e  n o t  in  e q u i l ib r iu m  w ith  t h e i r  
e n v ir o n m e n ts  and an en erg y  d ep en d en t  a c t i v e  p r o c e s s  ( i o n i c  
pump) i s  r e q u ir e d  t o  c o a n t e r a c t  th e  le a k in g  o f  scsdium and 
vxater i n t o  th e  c e l l  and p o ta s s iu m  from th e  c e l l  through  
t h e  p e r m e a b le  c e l l  membrane. Any f a i l u r e  i n  th e  pump 
r e s i a l t s  in  an i n f l u x  o f  c a t i o n s  and w ater in  an a ttem pt  
t o  r e a c h  e q u i l i b r i u m  v /ith  en v iro n m en t (J o n e s  & Hint^ 1 9 8 3 ) •
S U M M A R Y
1 ,  The c f o j e c t iv e  o f  t h e  p r e s e n t  s tu d y  was t o  e v a lu a t e  the  
e f f e c t  o f  c o n t in u o u s  p h y s i c a l  e s s r c i s e  o f  s h o r t e r  
p e r i o d  on th e  b io c h e m ic a l  c o n s t i t u e n t s  o f  m u sc le  and 
haemolymph o f  t h e  prawn Pe n a e u s  in d icu s^  and a l s o  th e  
aG S O clated  h i s t o l o g i c a l  c h a n g es  in  th e  m u sc le  an3 
h e p a t o p a n c r e a s •
2* B io c h e m ic a l  p a r a m e te r s  s t u d i e d  v/ere g l u c o s e ,  l a c t i c  
a c i d ,  l i p i d ,  and p r o t e i n  in  haemolymph and g ly c o g e n ,  
l a c t i c  a c id ^  l i p i d  and p r o t e i n  i n  m u sc le  r e s p e c t i v e l y *  
H i s t o l o g i c a l  c b s e r v a t i o n s  o f  th e  m u sc le  and hepatopanw  
c r o a s  o f  norm al and s t r e s s e d  -pravms were a l s o  made t o  
o b s e r v e  th e  c h a n g e s  o c c u r r in g  a t  c e l l u l a r  l e v e l *
3* G lu c o s e  c o n t e n t  i n  th e  haemolymph shaded a r a p id  in c r e a s e  
-ifteT  30 and 5 0  m in u te s  o f  s t r e n u o u s  e j c e r c i s e .  The v a l a e  
camc down t o  a lm o s t  norm al l e v e l  a f t e r  24 h o u rs  of  
r e c o v e r y *
4 ,  liaomolymph l a c t i c  a c id  a l s o  shc^-/ed a s i m i l a r  tren d  t o  
t h a t  o f  haemolymph g lu c o s e *  A f te x  30 and 5 0 m inu tes  
s t r e n u o u s  a c t i v i t y  th e  l a c t a t e  l e v e l  sho^’od a s te a d y  
r i s e  f r a n  t h e  n orm al v a l u e .  A f t e r  24 h ou rs o f  r e c o v e r y  
t h e  l a c t a t e  l e v e l  came do»m t o  n ea r  norm al v a lu e*
Sm L lp ld  l e v e l  In  haemolymph showed a s l i g h t  d e c r e a s e  
f r o n  norroal l e v e l  a f t e r  30  and 5 0  m in u te s  s tr e m io a s  
e j t e r c i s e .  The s t r e s s  r e c o v e r e d  prawns showed a l i p i d  
l e v e l  sL m llar  t o  t h a t  o f  norm al pra'^ms*
6 ,  Haemolymph p r o t e i n  c o n t e n t  d id  n o t  show any s i g n i f i c a n t  
v a r i a t i o n  among s t r e s s e d  and normal p raw n s. The v a lu e  
rem a in ed  a lm o s t  same in  a l l  t h e  fo u r  p h a se s*
7 .  M is c lo  q ly c o g e n  showed a d r a s t i c  r e d u c t io n  im m ed ia te ly  
a f t e r  s t r e s s  c o n d i t i o n s .  A f t e r  30 m in u te s  o f  s tr e n u o u s  
e x e r c i s e  th e  g ly c o < ^ n  v a lu e  became l e s s  than  h a l f  o f  t  
t h e  norm al l e v e l .  The l e v e l  showed a f u r t h e r  d e c r e a s e  
a f t e r  5 0 m in u te s  e x e r c i s e ,  24 hours o f  r e c o v e r y  d id  
n o t  shO’v; a s i g n i f i c a n t  c h a n ^  in  g ly c o g e n  l e v e l ,
8 ,  L e c t a t e  c o n t e n t  i n  th e  m u sc le  s h w e d  a s i m i l a r  p a t t e r n  
o f  chan‘s  a s  i n  th e  c a s e  o f  haemolymph l a c t a t e ,  30 
m in u te s  o f  s t r e n u o u s  e> ser c lse  shewed a la r g e  and r a p id  
a c c u m u la t io n  o f  l a c t i c  a c i d .  The l e v e l  shov:ed a 
f u r t h e r  i n c r e a s e  a f t e r  5 0  minLites c ^ ^ r c i s e  and a lm ost  
bccam e norm al a f t e r  24 h o u rs  of. r e c o v e r y ,
9 .  L ip id  c o n t e n t  o f  t h e  m u sc le  shoi-^ea a s l i c ^ i t  d e c r e a s e  
a f t e r  3 0 a n d  5 0 m in u te s  o f  s e v e r e  e3 ? erc ise#  The 
s t r e s s  r e c o v e r e d  prawns showed a n ea r  norm al v a lu e  
o f  m u s c le  l i p i d #
1 0 ,  P r o t e in  c o n t e n t  In  t h e  m u sc le  rem ained th e  same In
b o th  n o m a l  ansi s t r e s s e d  praw n. No s i g n i f i c a n t  v a r i a ­
t i o n  was o b se r v e d  In  t h e  m u sc le  p r o t e i n  c o n te n t  o f  
n o r m a l,  s t r e s s e d ,  and s t r e s s  r e c o v e r e d  prav.ms.
H i s t o l o g i c a l  c b s e r v a t io n s  made on h e p a to p a n c r e a s
and m u s c le  t i s s u e  o f  norm al oDd s t r e s s e d  p raw n s.
H i s t o l o g i c a l  c b s e r v a t io n  o f  th e  h e p a to p a n c r c a t ic  
t u b u l e s  o f  s t r e s s e d  prawn r e v e a l e d  an e x t e n s i v e  v a c u o la t io n ,  
when compared t o  normal# may be b e c a u se  o f  th e  a ccu m u la tio n  
o f  'v ia tor  d ue t o  o s m o t ic  d i s t u r b a n c e s ,  d u r in g  s t r e s s  c o n d i ­
t i o n s *  H i s t o l o g y  o f  opague m u s c le  shov/ed marTrod morT:>holo- 
g i c a l  Old c e l l u l a r  ch an ges c h a r a c t e r i s t i c  o f  p r o g r e s s iv e  
s e g m e n t a l  n y o f i b r e  d e g e n e r a t io n .
Tl^ e a r l i e s t  c h a n c e s  c±>served in  th e  opaque m uscle  
s w e l l i n g  anrl l o s s  o f  u s u a l  c r o s s  s t r i a t i o n s .  P '/Jyiotic  
n u c l e i  ore  o f t e n  fou n d  in  th e  m u sc le  c e l l s ,  tiaemocytes  
v .ere f r e q u e n t ly  o b se r v e d  i n f i l t r a t i n g  th e  f o c i  and ^ e a s  
o f  m y o f ib r e  n e c r o s i s .  Cpague m u s c le s  a l s o  shotted la r g e ,  
r o u n d  o r  e l o n g a t e d  v e s i c u l a r  s a r c o p la s m ic  n u c l e i  w ith  
p r c m in e n t  n u c l e o l i  and clumped p y lcn o tic  n u c l e i .
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